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[0001] This application relates to absorbent members for body fluids such as urine and menses having good wet 

TrZrT Th f h aP H P,,Ca f? n fUrther ^ t0 abS ° rbent memberS havin 9 at ' east one ^gion with a Tela" e.y high con 
centration of hydrogel-forming absorbent Dolvmer "wuvwy niyn con 



centration of hydrogel-forming absorbent polymer. 
BACKGROUND OF THE INVENTION 



w 



brS 8 h 9 h,y h abSOrbent members ,or use a * ^Posable diapers, adult incontinence pads and 
SI! 1 h catamen^ products such as san.tary napkins, are the subject of substantial commercial interest A highly 
desired characteristic for such products is thinness. For example, thinner diapers are less bulky to wear, fit better unde^ 
clothing, and are less noticeable. They are also more compact in the package, making the diapers easier fo The 
consumer to carry and store. Compactness in packaging also resutts in reduced distribution costs for the S urer 
and distributor, including less shelf space required in the store per diaper unit nanuraciurer 

SUL^i!" 5 ' i° T Vid8 ,hinnef abSOfbent artiCleS SUCh 38 diaperS haS been contin 9 ent on the abilit V to develop 
relatively thin absorbent cores or structures that can acquire and store large quantities of discharged body fluids in 
parttcularur^^ 

or hydro-colloid material has been particularly important. See, for example, U.S. Patent 3,699,103 (Harper et al> 

IZLntT , 13 ' 19 £ Ti 3 ' 770 ' 731 (Harm ° n) ' iSSU6d June 20 ' 1972 ' *- disclose irrof u h 

absorbent polymers (hereafter "hydrogel-forming absorbent polymers") in absorbent articles. Indeed, the development 

of thinner drapers has been the direct consequence of thinner absorbent cores that take advantage of the ability of 

these hydrogel-forming absorbent polymers to absorb large quantities of discharged body fluids, typically when used 

.n combination with a fibrous matrix. See. for example, U.S. Patent 4,673,402 (Weisman et al), issued 2^1 6 ?£ 

and U.S. Patent 4 935.022 (Lash et al). issued June 19, 1990, that disclose dual-layer core structures 'comprising a 

nnn^ T" n y dro 9 e| - fo ™' n g absorbent polymers useful in fashioning thin, compact, nonbulky diapers 

[0004] Prior to the use of these hydrogel-forming absorbent polymers, it was general practice to form absorbent 

» of fluid absorbed by wood pulp fluff on a gram of fluid absorbed per gram of wood pulp fluff, it was necessary to employ 
relatively large quanttt.es of wood pulp fluff, thus necessitating the use of relatively bulky, thick absorbent structures 
The introduction of these hydrogel-forming absorbent polymers into such structures has allowed the use of less wood 
pulp fluff These hydrogel-forming absorbent polymers are superior to fluff in their ability to absorb large volumes of 

35 feastote ^ " ^ * ^ ™ ^ maki " 9 Sma " er ' ,hinner absorbent s,ructures 

[0005] These hydrogel-forming absorbent polymers are often made by initially polymerizing unsaturated carboxylic 
acds or denvatiyes thereof, such as acrylic acid, alkali metal (e.g., sodium and/or potassium) or ammonium salts of 
acrylic acid, alkyl acrylates, and the like. These polymers are rendered water-insoluble, yet water-swellable by slightly 
cross-linking the carboxyl group-containing polymer chains with conventional di- or poly-functional monomer materials 
such as N, N -methylenebrsacrylamide, trimethylol propane triacrylate or trialfyl amine. These slightly crosslinked ab- 
sorbent polymers still comprise a multiplicity of anionic (charged) carboxyl groups attached to the polymer backbone 
t is these charged carboxy groups that enable the polymer to absorb body fluids as the result of osmotic forces thus 
forming hydrogels. 

[0006] The degree of cross-linking determines not only the water-insolubility of these hydrogel-forming absorbent 
polymers, but .s also an important factor in establishing two other characteristics of these polymers: their absorbent 
capacity and gel strength. Absorbent capacity or "gel volume" is a measure of the amount of water or body fluid that 
a given amount of hydrogel-forming polymer will absorb. Gel strength relates to the tendency of the hydrogel formed 
from these polymers to deform or "flow" under an applied stress. Hydrogel-forming polymers useful as absorbents in 
absorben structures and articles such as disposable diapers need to have adequately high gel volume , as well as 
adequately high gel strength. Gel volume needs to be sufficiently high to enable the hydrogel-forming polymer to absorb 
significant amounts of the aqueous body fluids encountered during use of the absorbent article. Gel strength needs to 
be such that the hydrogel formed does not deform and fill to an unacceptable degree the capillary void spaces in the 
absorbent structure or article, thereby inhibiting the absorbent capacity of the structure/article, as well as the fluid 
distribution throughout the structure/article. See, for example, U.S. Patent 4.654,039 (Brandt et al). issued March 31 
H JoT AprN 1 9 ' 1 988 38 U S - ReiSSUe Pa,ent 32,649) and U S - Patent 4.834.735 (Alemany et al), issued May 

Ju, 1 989. 

[0007] Prior absorbent structures have generally comprised relatively low amounts (e.g., less than about 50 % by 
weight) of these hydrogel-forming absorbent polymers. See, for example. U.S. Patent 4,834,735 (Alemany et al), issued 
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May 30, 1 989 (preferably from about 9 to about 50% hydrogel-forming absorbent polymer in the fibrous matrix). There 
are several reasons for this. The hydrogel-forming absorbent polymers employed in prior absorbent structures have 
generally not had an absorption rate that would allow them to quickly absorb body fluids, especially in "gush" situations. 
This has necessitated the inclusion of fibers, typically wood pulp fibers, to serve as temporary reservoirs to hold the 
5 discharged fluids until absorbed by the hydrogel-forming absorbent polymer. 

[0008] More importantly, many of the known hydrogel-forming absorbent polymers exhibited gel blocking. "Gel block- 
ing" occurs when particles of the hydrogel-forming absorbent polymer are wetted and the particles swell so as to inhibit 
fluid transmission to other regions of the absorbent structure. Wetting of these other regions of the absorbent member 
therefore takes place via a very slow diffusion process. In practical terms, this means acquisition of fluids by the ab- 

io sorbent structure is much slower than the rate at which fluids are discharged, especially in gush situations. Leakage 
from the absorbent article can take place well before the particles of hydrogel-forming absorbent polymer in the ab- 
sorbent member are fully saturated or before the fluid can diffuse or wick past the "blocking" particles into the rest of 
the absorbent member. Gel blocking can be a particularly acute problem if the particles of hydrogel-forming absorbent 
polymer do not have adequate gel strength and deform or spread under stress once the particles swell with absorbed 

15 fluid. See U.S. Patent 4,834,735 (Alemany et al), issued May 30, 1989. 

[0009J This Qel blocking phenomena has typically necessitated the use of a fibrous matrix in which are dispersed 
the particles of hydrogel-forming absorbent polymer. This fibrous matrix keeps the particles of hydrogel-forming ab- 
sorbent polymer separated from one another. This fibrous matrix also provides a capillary structure that allows fluid to 
reach the hydrogel-forming absorbent polymer located in regions remote from the initial fluid discharge point. See U. 

20 S. Patent 4,834,735 (Alemany et al), issued May 30, 1989. However, dispersing the hydrogel-forming absorbent pol- 
ymer in a fibrous matrix at relatively low concentrations in order to minimize or avoid gel blocking can lower the overall 
fluid storage capacity of thinner absorbent structures. Using lower concentrations of these hydrogel-forming absorbent 
polymers limits somewhat the real advantage of these materials, namely their ability to absorb and retain large quantities . 
of body fluids per given volume. 

25 [0010] Besides increasing gel strength, other physical and chemical characteristics of these hydrogel-forming ab- - 
sorbent polymers have been manipulated to decrease gel blocking. One characteristic is the particle size, and especially 
the particle size distribution, of the hydrogel-forming absorbent polymer used in the fibrous matrix. For example, par- 
ticles of hydrogel-forming absorbent polymer having a particle size distribution such that the particles have a mass 
median particle size greater than or equal to about 400 microns have been mixed with hydrophilic fibrous materials to 

30 minimize gel blocking and to help maintain an open capillary structure within the absorbent structure so as to enhance 
planar transport of fluids away from the area of initial discharge to the rest of the absorbent structure. In addition, the * 
particle size distribution of the hydrogel-forming absorbent polymer can be controlled to improve absorbent capacity - 
and efficiency of the particles employed in the absorbent structure. See U.S. Patent 5,047,023 (Berg), issued Septem- - 
ber 10, 1991. However, even adjusting the particle size distribution does not, by itself, lead to absorbent structures 

35 that can have relatively high concentrations of these hydrogel-forming absorbent polymers. See U.S. Patent 5,047,023, 
supra (optimum fiber to particle ratio on cost/performance basis is from about 75:25 to about 90:10). 
[001 1 ] Another characteristic of these hydrogel-forming absorbent polymers that has be looked at is the level of 
extractables present in the polymer itself. See U.S. Patent 4,654,039 (Brandt et al), issued March 31 , 1 987 (reissued 
April 19, 1988 as U.S. Reissue Patent 32,649). Many of these hydrogel-forming absorbent polymers contain significant 

to levels of extractable polymer material. This extractable polymer material can be leached out from the resultant hydrogel 
by body fluids (e.g., urine) during the time period such body fluids remain in contact with the hydrogel-forming absorbent 
polymer. It is believed such polymer material extracted by body fluid in this manner can alter both the chemical and 
physical characteristics of the body fluid to the extent that the fluid is more slowly absorbed and more poorly held by 
the hydrogel in the absorbent article. 

45 [0012] Another characteristic that has been looked at to minimize gel blocking is to improve the capillary capability 
of these hydrogel-forming absorbent polymers. In particular, it has been suggested that particles of these hydrogel- 
forming absorbent polymers be formed into interparticle crosslinked aggregate macrostructures, typically in the form 
of sheets or strips. See U.S Patent 5,102,597 (Roe et al), issued April 7, 1992; U.S. Patent 5,124,188 (Roe et al), 
issued June 23, 1 992; and U.S. Patent 5,1 49, 344 (Lahrman et al), issued September 22, 1 992. Because the particulate 

so nature of the absorbent polymer is retained, these macrostructures provide pores between adjacent particles that are 
interconnected such that the macrostructure is fluid permeable (i.e., has capillary transport channels). Due to the in- 
terparticle crosslink bonds formed between the particles, the resultant macrostructures also have improved structural 
integrity, increased fluid acquisition and distribution rates, and minimal gel blocking characteristics. 
[0013] Yet another characteristic the art has known for some time as a measure of gel blocking is the Demand 

55 Wettability or Gravimetric Absorbence of these hydrogel-forming absorbent polymers. See, for example, U.S. Patent 
5,147,343 (Kellenberger), issued September 15, 1992 and U.S. Patent 5,1 49,335 (Kellenberger etal), issued Septem- 
ber 22, 1992 where these hydrogel-forming absorbent polymers are referred to as "superabsorbent materials" and 
where Demand Wenabifity/Gravim trie Absorbence is referred to as Absorbency Under Load (AUL). "AUL" is defined 
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of 0.9% saline solution that A^%\S^£S^ZStl * f* - 98 "" ^ (i " ml/9 or 
of 21,000 dynes/cm* (about 0.3 psi). The AUL can hTrtf, ! P °' ymerS While b in 9 sub > ec ™ * a toad 
minutes (see U.S. Patent 5.149, » . HydC- oting ^eZl- 1 T ^ UA 5 ' W ' 343 > « 5 
erties if they absorb at least about 24 ml /g (oreferaSv at 22!? P °l * are d6emed ,0 have desirable AUL prop- 
U.S. Patent 5, 147,343) or a, least abouTll SSKS T f f? Sa "' ne SO,ution a «er 1 "ou '(see 
[0014] U.S. Patent 5,147, 343 says (see S Kl^iJS^SI 8 J* ** Sa "' ne S0 ' U,i ° n after 5 minute *- 
absorbent composites made therewith have *J^J^toJ£Sf T a ? Uperabsorben ' catenate and 
against an applied pressure, the benefits of this chaTacte ,s2 2 ^ 1 8We " With f,uid and retain suctl 

exhibit an improved performance in use, the SjSEES^El Z T, T *° ^ for tnis is that «° 

and swell while being subjected to a load. In ^JS^SSST ^ ° T abili,y ,0 initia,ly imbibe ,lu ' d 
person who is sitting or lying on the oomMata ^d/o il PP t0 su P erabs °*ent by the body of a 

"eanngagarmentcon,^ 

materials" having these minimum AUL values an hour 1 h? L k I i 6 ' l,nes 47 " 57 ) »nat "superabsorbent 
worK necessary to overcome me resLfno forcl £££ £2" J T " Wi " be 3b,e ,0 perform the amount of 
incorporated into the persona, care prod els ^ such TZZT^tll" °' ,he Present inven,i °" ™ 

of these polymers in absorbent structures c^rS 

effect. It has been discovered that the Z£ L 9 .T' 96 ' b,0Ckin9 0r some other ""desirable 
polymers swell in the presence of b XZds tel^l? °' the hydr ° 9el formed when tnese absorbent 
these absorbent polymers in ^JL^To^Tn^^V 0 inClUSion of hi 9 h concentration, of 

conductivity of the absorbent ^^S^^l^^r^'' ° ifferenCeS h '^ability or flow 
distribute body fluids. V P3Ct °" the ab " lty of tne resulta nt hydrogel layer to acquire and 

^Z^si^^^^:^:t polymers disciosed * us p — w and 

concentrations in absorbent ^ 

formed have at least minimal permeability such that under « ^ h « V necessar V •» hydrogel layer 
toanysignificantdegree.Theo!^^ 

* to provide good fluid transportation propel ZT^^,nS T 9G ' b,0Ckin9 * muCh less than that needed 

be greatly deficient in these other fluZnSng 9 awid " «*a*B can still 

the ability of the hydrogel lay* 'fciZ £ ^ST^tSi! * ,ranSP ° rt ^ " UidS ' SUCn as 

« A good example of a material having relatively a htah TO 21 S?„ 9 TT * transport ,,uids " 

air-laid web of pulp fibers (e.g. having a de2 of a if ° !/ ^ W6b °' W00d - pulp ,ibers - TypiMlly. an 
By contrast, typica. hydroi,^ F^S"* T ^ ^ 

and Nalco-1180 (made by Nalco Chemical Co > exhibit ^Fr ! , . ( ade by N,ppon Sh okubai Co., LTD) 
be highly desirable to be able to use SSfcSS , m ° St 1 X1 °" Cm3sec/g - Acc °««ngly. it would 

of wood pulp fibers in terms of S5S5St!IrtSSS 
absorbent po.ymers are to be effecth/e^ 

KnoTr:^ 

structure. As noted above. AUL is mea3 ^h^se oalT,? °" *° hydr ° 9e| - fofmin 9 P^er in the absorbent 
higher confining pressure of ^ ^^^Tr^ZTlT " ' S be,ieVed *- a mucb 

(e.g., sitting, sleeping, squatting, taping elas^ics te7mofcnfom ^ °' ' 0Ca,iZed mechan ical pressures 

structure. See U.S. Patent 5 147 Sn^^VT^ ? $, ° n a " d t0rsional motions ) on an absorbent 
structures that comprbeles e 5Zina t^'ST*" 15 '- 1 " 2 - Addi,i ° na " y ' many of ,he absorbe "' 
quisition iayer that receives the hSKSSSS^^ ^ ' nClUd9 components . ™<* as an ac- 
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sures that could affect fluid acquisition by these hydrogel-forming absorbent polymers, it is more realistic to measure 
demand absorbency performance under a higher pressure , i.e., about 0.7 psi. This would take into better account not 
only the localized mechanical pressures exerted during use, but also the additional capillary pressures resulting from 
other components (e.g., acquisition layer) present in the absorbent structure. 

5 [0019] Another factor that has to be considered in order to take full advantage of the permeability/flow conductivity 
of the hydrogel layer formed from these absorbent polymers is the wet integrity of the region or regions in the absorbent 
member that comprise these polymers. For hydrogel-forming absorbent polymers having relatively high SFC values, 
it is extremely important that the region(s) in which polymers are present have good wet integrity. By "good wet integrity" 
is meant that the region or regions in the absorbent member having the high concentration of hydrogel-forming ab- 

10 sorbent polymer have sufficient integrity in a dry, partially wet, and/or wetted state such that the physical continuity 
(and thus the capability of acquiring and transporting fluid through contiguous interstitial voids/capillaries) of the hy- 
drogel formed upon swelling in the presence of body fluids is not substantially disrupted or altered, even when subjected 
to normal use conditions. During normal use, absorbent cores in absorbent articles are typically subjected to tensional 
and torsional forces of varying intensity and direction. These tensional and torsional forces include bunching in the 

15 crotch area, stretching and twisting forces as the person wearing the absorbent article walks, squats, bends, and the 
like. If wet integrity is inadequate, these tensional and torsional forces can potentially cause a substantial alteration 
and/or disruption in the physical continuity of the hydrogel such that its capability of transporting fluids through the 
contiguous voids and capillaries is degraded, e.g., the hydrogel layer can be partially separated, fully separated, have 
gaps introduced, have areas that are significantly thinned, and/or broken up into a plurality of significantly smaller 

20 segments. Such alteration could minimize or completely negate any advantageous permeability/flow conductivity prop- 
erties of the hydrogel-forming absorbent polymer. 

[0020] Accordingly, it would be desirable to be able to provide an absorbent member comprising: (1) a region or 
regions having a relatively high concentration of hydrogel-forming absorbent polymer; (2) with permeability/flow con- 
ductivity properties more like an air-laid fibrous web; (3) that can readily acquire fluids from even high capillary suction 
25 acquisition layers under typical usage pressures; (4) in a matrix that provides sufficient wet integrity such that its ca- 
pability for acquiring and transporting fluids is not substantially reduced or minimized, even when subjected to normal 
use forces. 

DISCLOSURE OF THE INVENTION 

30 

[0021] The present invention relates to absorbent members useful in the containment of body fluids such as urine. * 
These absorbent members comprise at least one region having hydrogel-forming absorbent polymer in a concentration 
of from about 60 to 100% by weight and providing a gel-continuous fluid transportation zone when in a swollen state. 
This hydrogel-forming absorbent polymer has: 

35 

(a) a Saline Flow Conductivity (SFC) value of at least about 30 x 1 a 7 cm^ec/g; 

(b) a Performance under Pressure (PUP) capacity value of at least about 23 g/g under a confining pressure of 0.7 
psi (5 kPa); 

(c) a basis weight of at least about 10 gsm. 

40 

In addition, the region where this hydrogel-forming absorbent polymer is present has, even when subjected to normal 
use conditions, sufficient wet integrity such that the gel-continuous zone substantially maintains its ability to acquire 
and transport body fluids through the gel-continuous zone. 

* BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] Figure 1 is a cross-sectional view of an absorbent article showing an absorbent core according to the present 
invention. 

[0023] Figure 2 is a cross-sectional view of an absorbent article showing another absorbent core according to the 
so present invention. 

[0024] Figure 3 is a cross-sectional view of an absorbent article showing another absorbent core according to the 
present invention. 

[0025] Figure 4 is a cross-sectional view of an absorbent article showing another absorbent core according to the 
present invention. 

55 [0026] Figure 5 is a cross-sectional view of an absorbent article showing an alternative absorbent core to that shown 
in Figure 4. 

[0027] Figure 6 is a cross-sectional view of an absorbent article showing another alternativ absorbent core to that 
shown in Figures 4 and 5. 
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Figures. P " etotort,he W°" ,>8 ><lto»lter»stoiVcylin(l.,as S e n ,bl y shorn in 

DETAILED DESCRIPTION OF THE INVENTION 

A. Definitions 

mnL. core oSS^ 22^2S2 ""TT * ^ ^ «* ^ °' ,ba 
[0035] As used herein, the term "X-Y dimensionvJfr?^ , CknGSS ° f ,he member ' »"» ° r article, 
or article. The X-Y dimension usuaJy cTeZZ tote l^T T ^tT - 10 ** °' ,he membef ' «• 

[0036] As used herein, the STXSSSL ^referl X ° f the member ' COre or artic,e - 

responsibie for fluid handling ^S^^S^T^ °' *" abS ° rbem artide ** is primari| y 
fluids. As such, the absorbent core typTcal y doe 2f iSS^ST*. IT" 9 ' dfet ' ibUtin9 and storin 9 b <*V 
[0037] As used herein, the term SSSSZSL " 22? 22T " T^IT ° f * 8 abSOrbent artic,e - 
provide one or more fluid handling properties e c i fS «™ * Components of 1,16 absorbent core that typically 
etc. The absorbent member ^^1^ ff ri bution / ** transportation, fluid storage 
absorbent core can comprise one or more 252222 * ' °' ,he abSOrbent La - th ° 

S3 -"^r^ 

its length and width. It should be understood toauS 5 . Wh ° SS pnmary dime ™on is X-Y, i.e., along 

material. Thus the layer can comprise b^Z " n °< neCeSSaril * limited to singie layers or sheets of 

J^Accor.ing,, the term ,aV °< °< "* ^ ^ of 

articie; converseiy, the term "lower" reS to 222 222S" f ** 1,16 t0psheet 0< an absort *" 

absorbent artic.e and typically face the bacteheet ^ furthermost awa * from «» wearer of the 

-embers, steps and the , ike can be co, 

«ve terms "consisting essentia.iy ofand -Sg'S ^SlSSTf "™ mpasses the ™* restric- 
ing as understood in the art. more restrictlv e to™* having their standard mean- 

[0042] All percentages, ratios and proportions used herein are by weight uniess otherwise specified. 
B. Material and Components of the Absorbent M B mh« 



1. Hydrogel Forming Ahsn rbent Polymers 
a- Chemical Composition 



monly referred to J^SSSSS?S £22£r!l22 ° f "J* ^ P °' ymerS ma,eria ' S are also com 
boxymethyl starch, cart»xymeth7cellu ose , S a " d ° an inc,ude P^accharides such as car- 

and pcyviny, ethers; SS'SS:!* SUCh 35 al " b °'. 
or N,N-diethylaminopropyl acrylates and ZSZF^i *J?i ™rpholin,one, and N,N-dimethylaminoethyl 
gel-forming absorbent polymeTs usefu? l^S?!^ ,he / espec,,ve < uatem ary salts thereof. Typically, hydro- 
as sulfonic acid, and moVe M^a^JZZ^ T" ,™ * * anionic ' ,unctional 9 r °i, such 

are prepared from pohS^^SffS SSHI? S - * USe h6rein inC,Ude those " hich 
cally unsaturated acids and anllSHlSS!?2« T^' ^ SU ° h m ° n0mers inc,ude me 0,e « ni " 
cal.y. these monomers can b 222 J2 S^S? T^*** double bond. More specifi- 
unsaturated sulfonic acids, and mixtures £2f Carboxy,lc ac,ds and a <* anhydrides, olefinically 
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[0044] Some non-acid monomers can also be included, usually in minor amounts, in preparing the hydrogei-forming 
absorbent polymers herein. Such non-acid monomers can include, for example, the water-soluble or water-dispersible 
esters of the acid-containing monomers, as well as monomers that contain no carboxylic or sulfonic acid groups at all. 
Optional non-acid monomers can thus include monomers containing the following types of functional groups: carboxylic 

5 acid or sulfonic acid esters, hydroxyl groups, amide-groups, amino groups, nitrile groups, quaternary ammonium salt 
groups, aryl groups (e.g., phenyl groups, such as those derived from styrene monomer). These non-acid monomers 
are well-known materials and are described in greater detail, for example, in U.S. Patent 4,076,663 (Masuda et al), 
issued February 28, 1978, and in U.S. Patent 4,062,817 (Westerman), issued December 13, 1977. 
[0045] Olefinically unsaturated carboxylic acid and carboxylic acid anhydride monomers include the acrylic acids 

io typified by acrylic acid itself, methacrylic acid, ethacrylic acid, a-chloroacrylic acid, a-cyanoacrylic acid, p-methylacrylic 
acid (crotonic acid), a-phenylacrylic acid, 0-acryloxypropionic acid, sorbic acid, a-chlorosorbic acid, angelic acid, cin- 
namic acid, p-chlorocinnamic acid, p-sterylacrylic acid, itaconic acid, citroconic acid, mesaconic acid, glutaconic acid, 
aconitic acid, maleic acid, fumaric acid, tricarboxyethylene and maleic acid anhydride. 

[0046] Olefinically unsaturated sulfonic acid monomers include aliphatic or aromatic vinyl sulfonic acids such as 
is vinylsulfonic acid, allyl sulfonic acid, vinyl toluene sulfonic acid and styrene sulfonic acid; acrylic and methacrylic sulfonic 
acid such as sulfoethyl acrylate, sulfoethyl methacrylate, sulfopropyl acrylate, sulfopropyl methacrylate, 2-hydroxy- 
3-methacryloxypropyl sulfonic acid and 2-acrylamide-2-methylpropane sulfonic acid. 

[0047] Preferred hydrogei-forming absorbent polymers for use in the present invention contain carboxy groups. 
These polymers include hydrolyzed starch-acrylonitdle graft copolymers, partially neutralized hydrolyzed starch-acry- 

20 lonitrile graft copolymers, Starch-acrylic acid graft copolymers, partially neutralized starch -acrylic acid graft copolymers, 
saponified vinyl acetate-acrylic ester copolymers, hydrolyzed acrylonitrile or acrylamide copolymers, slightly network 
crosslinked polymers of any of the foregoing copolymers, partially neutralized polyacrylic acid, and slightly network 
crosslinked polymers of partially neutralized polyacrylic acid. These polymers can be used either solely or in the form 
of a mixture of two or more different polymers. Examples of these polymer materials are disclosed in U.S. Patent 

25 3,661 ,875, U.S. Patent 4,076,663, U.S. Patent 4,093,776, U.S. Patent 4,666,983, and U.S. Patent 4,734,478. 

[0048] Most preferred polymer materials for use in making the hydrogei-forming absorbent polymers are slightly 
network crosslinked polymers of partially neutralized polyacrylic acids and starch derivatives thereof. Most preferably, 
the hydrogei-forming absorbent polymers comprise from about 50 to about 95%, preferably about 75%, neutralized, 
slightly network crosslinked, polyacrylic acid (i.e. poly (sodium aery late/acrylic acid)). Network crosslinking renders the 

30 polymer substantially water-insoluble and, in part, determines the absorptive capacity and extractable polymer content 
characteristics of the hydrogei-forming absorbent polymers. Processes for network crosslinking these polymers and 
typical network crosslinking agents are described in greater detail in U.S. Patent 4,076,663. 
[0049] While the hydrogei-forming absorbent polymer is preferably of one type (i.e., homogeneous), mixtures of 
polymers can also be used in the present invention. For example, mixtures of starch-acrylic acid graft copolymers and 

35 slightly network crosslinked polymers of partially neutralized polyacrylic acid can be used in the present invention. 
[0050] The hydrogei-forming absorbent polymers useful in the present invention can have a size, shape and/or mor- 
phology varying over a wide range. These polymers can be in the form of particles that do not have a large ratio of 
greatest dimension to smallest dimension (e.g., granules, flakes, pulverulents, interparticle aggregates, interparticle 
crosslinked aggregates, and the like) and can be in the form of fibers, sheets, films, foams, and the like. The hydrogel- 

^0 forming absorbent polymers can also comprise mixtures with low levels of one or more additives, such as for example 
powdered silica, surfactants, glue, binders, and the like. The components in this mixture can be physically and/or 
chemically associated in a form such that the hydrogei-forming polymer component and the non-hydrogel-forming 
polymer additive are not readily physically separable. 

[0051 ] The hydrogei-forming absorbent polymers can be essentially non-porous or have substantial internal porosity. 

45 [0052] For particles as described above, particle size is defined as the dimension determined by sieve size analysis. 
Thus, for example, a particle that is retained on a U.S.A. Standard Testing Sieve with 710 micron openings (e.g., No. 
25 U.S. Series Alternate Sieve Designation) is considered to have a size greater than 710 microns; a particle that 
passes through a sieve with 710 micron openings and is retained on a sieve with 500 micron openings (e.g., No. 35 
U.S, Series Alternate Sieve Designation) is considered to have a particle size between 500 and 710 microns; and a 

so particle that passes through a sieve with 500 micron openings is considered to have a size less than 500 microns. The 
mass median particle size of a given sample of hydrogei-forming absorbent polymer particles is defined as the particle 
size that divides the sample in half on a mass basts, i.e., one-half of the sample by weight will have a particle size less 
than the mass median size and one-half of the sample will have a particle size greater than the mass median size. A 
standard particle-size plotting method (wherein the cumulative weight percent of the particle sample retained on or 

55 passed through a given sieve size opening is plotted versus sieve size opening on probability paper) is typically used 
to determine mass median particle size when the 50% mass value does not correspond to the size opening of a U.S. 
A. Standard Testing Sieve. Thes methods for determining particle sizes of the hydrogei-forming absorbent polymer 
particles are further described in U.S. Patent 5,061 ,259 (Goldman et. al), issued October 29, 1991 . 
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b. Physical Pro pertips 

(1). Saline Row Conductivity (SFC) 
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acquisition component(s) in the absorbent core that temporarily hold fluid before it is absorbed by the hydrogel-forming 
absorbent polymer.) It is believed that a total pressure of about 0.7 psi (5 kPa) is reflective of the sum of these pressures 
on the hydrogel-forming absorbent polymer as it absorbs body fluids under usage conditions. 
[0059] The PUP capacity of hydrogel-forming absorbent polymers useful in the present invention is generally at least 
about 23 g/g, preferably at least about 25 g/g, and most preferably at least about 29 g/g. Typically, these PUP capacity 
values are in the range of from about 23 to about 35 g/g, more typically from about 25 to about 33 g/g, and most typically 
from about 29 to about 33 g/g. A method for determining the PUP capacity value of these hydrogel-forming absorbent 
polymers is provided hereafter in the Test Method Section. 

(3) . Extractable Polymer 

[0060] Another important characteristic of hydrogel-forming absorbent polymers useful in the present invention is 
the level of extractable polymer material present therein. See U.S. Patent 4,654,039 (Brandt et al), issued March 31, 
1987 (reissued April 19, 1988 as Re. 32,649). Many hydrogel-forming absorbent polymers contain significant levels of 
extractable polymer material. This extractable polymer material can be leached out from the resultant hydrogel by body 
fluids (e.g., urine) during the time period such body fluids remain in contact with the hydrogel-forming absorbent pol- 
ymer. It is believed such extracted polymer material can alter both the chemical characteristics (e.g., osmolarity) and 
physical characteristics (e.g., viscosity) of the body fluid to such an extent that the fluid is more slowly absorbed and 
more poorly held by the hydrogel. This polymer contaminated fluid is also more poorly transported through the absorb- 
ent member. Such a situation can contribute to undesirable and premature leakage of body fluid from the absorbent 
article. Thus it is desirable to use hydrogel-forming absorbent polymers with lower levels of extractable polymer ma- 
terial. 

[0061] The importance of not adversely impacting the effective absorption/retention of body fluids by the swollen 
hydrogel-forming absorbent polymer, or the facile transport of body fluids through regions of the absorbent member 
containing the swollen polymer, is believed to be particularly true as: (a) the quantity of polymer in the absorbent 
member is increased; (b) the quantities of other absorbent components (e.g., fibers) are decreased; and/or (c) the 
localized concentration of polymer in the absorbent member is increased. Thus, for example, it is believed that at higher 
localized concentrations of hydrogel-forming absorbent polymer in the absorbent member, there is a smaller volume 
of fluid within the interstitial regions (i.e., outside the hydrogel) to dilute the extractable polymer material, thus tending 
to increase its concentration in these interstitial regions. This exacerbates the effect of the extractable polymer on the 
absorbed body fluids within these interstitial regions. 

[0062] The adverse impact of higher levels of extractable polymer on the absorption/retention of fluid by the hydrogel- 
forming absorbent polymer and the transport of fluid through the interstitial regions within the resultant hydrogel zone- 
or layer is also discernible in terms of PUP capacity and SFC values. Thus, for example, it is not unusual for hydrogel- 
forming absorbent polymers having higher levels of extractable polymer material to have a PUP capacity value that 
decreases over time (e.g., is lower at 225 minutes versus 60 minutes). This decrease in absorption/retention of fluid 
over time is believed to be, at least in part, a consequence of higher levels of extractable polymer being present to 
alter the chemical properties of the interstitial fluid. It is also not unusual for a hydrogel-forming absorbent polymer 
having higher levels of extractable polymer material to have a SFC value that is initially lower and then increases over 
time to a greater extent than a comparable hydrogel-forming absorbent polymer having a lower level of extractable 
polymer. A lower initial SFC value for the higher extractable-polymer material is believed to result, at least in part, from 
a higher initial viscosity for interstitial fluid. 

[0063] Accordingly, for hydrogel-forming absorbent polymers useful in the present invention, it is preferred that the 
level of extractable polymer be about 15% or less, more preferably about 10% or less, and most preferably about 7% 
or less of the total polymer. Methods for determining the levels of extractable polymer in these hydrogel-forming ab- 
sorbent polymers invention are provided hereafter in the Test Method Section. 

(4) . Porosity of Hydrogel Zone or Layer 

[0064] Another important characteristic of hydrogel-forming absorbent polymers useful in the present invention is 
the porosity of the hydrogel zone or layer formed when the polymer is swollen in body fluids under a confining pressure. 
As used herein, the term "porosity" means the fractional volume (dimension-less) that is not occupied by solid material. 
See J. M. Coulson et. al., Chemical Engineering Vol. 2, 3rd Edition, Pergamon Press, 1978, P126. For a hydrogel zone 
or layer formed entirely from a hydrogel-forming absorbent polymer, porosity is the fractional volume of the zone/layer 
that is not occupied by hydrogel. For a region of an absorbent member containing the hydrogel, as well as other 
components, porosity is the fractional volume of the region (also referred to as interstitial volume and volume of inter- 
stitial regions) that is not occupied by th hydrogel, or other solid components (e.g., fibers). Porosity of an absorbent 
region is equal to the ratio of the interstitial volume within the region to the total volume of th region. 
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mixture (about 0.01 to about 20 parts by weight, based on 1 00 parts by weight of the monomer). An optional component 
of the aqueous reaction mixture comprises a free radical initiator including, for example, peroxygen compounds such 
as sodium, potassium, and ammonium persulfates, caprylyl peroxide, benzoyl peroxide, hydrogen peroxide, cumene 
hydroperoxides, tertiary butyl diperphthalate, tertiary butyl perbenzoate, sodium peracetate, sodium percarbonate, and 
the like. Other optional components of the aqueous reaction mixture comprise the various non-acidic co-monomers, 
including esters of the essential unsaturated acidic functional group-containing monomers or other co-monomers con- 
taining no carboxylic or sulfonic acid functionalities at all. 

[0073] The aqueous reaction mixture is subjected to polymerization conditions which are sufficient to produce in the 
mixture substantially water-insoluble, but water-swellable , hydrogel-forming absorbent slightly network crosslinked 
polymers. The polymerization conditions are also discussed in more detail in the three above-referenced patents. Such 
polymerization conditions generally involve heating (thermal activation techniques) to a polymerization temperature 
from about 0° to about 100°C, more preferably from about 5° to about 40°C. Polymerization conditions under which 
the aqueous reaction mixture is maintained can also include, for example, subjecting the reaction mixture, or portions 
thereof, to any conventional form of polymerization activating irradiation. Radioactive, electronic, ultraviolet, or elec- 
tromagnetic radiation are alternative conventional polymerization techniques. 

[0074] The acid functional groups of the hydrogel-forming absorbent polymer formed in the aqueous reaction mixture 
are also preferably neutralized. Neutralization can be carried out in any conventional manner that results in at least 
about 25 mole percent, and more preferably at least about 50 mole percent, of the total monomer utilized to form the 
polymer being acid group-containing monomers that are neutralized with a salt-forming cation. Such salt-forming cat- 
ions include, for example, alkali metals, ammonium, substituted ammonium and amines as discussed in further detail 
in the above-references U.S. Reissue Patent 32,649. 

[0075] While it is preferred that the particulate versions of hydrogel-forming absorbent polymer be manufactured 
using an aqueous solution polymerization process, it is also possible to carry out the polymerization process using 
multi-phase polymerization processing techniques such as inverse emulsion polymerization or inverse suspension 
polymerization procedures. In the inverse emulsion polymerization or inverse suspension polymerization procedures, 
the aqueous reaction mixture as described before is suspended in the form of tiny droplets in a matrix of a water- 
immiscible, inert organic solvent such as cyclohexane. The resultant particles of hydrogel-forming absorbent polymer 
are generally spherical in shape. Inverse suspension polymerization procedures are described in greater detail in U. 
S. Patent 4,340,706 (Obaysashi et al), issued July 20, 1982, U.S. Patent 4,506,052 (Flesher et al), issued March 19, 
1985, and U.S. Patent 4,735,987 (Morita et al), issued April 5, 1988. 

[0076] Surface crosslinking of the initially formed polymers is a preferred process for obtaining hydrogel-forming., 
absorbent polymers having relatively high SFC and PUP capacity values. Hydrogel-forming absorbent polymers that 
are surface crosslinked in general have higher values for SFC and PUP than those having a comparable level of 
"functional" crosslinks but without surface crosslinking. Without being bound by theory, it is believed that surface 
crosslinking increases the resistance to deformation of hydrogel-forming absorbent polymer surfaces, thus reducing 
the degree of contact between neighboring polymer surfaces when the resultant hydrogel is deformed under an external 
pressure. The degree to which SFC and PUP capacity values are enhanced by surface crosslinking depends on the 
relative levels and distributions of internal and surface crosslinks and the specifics of the surface crosslinking chemistry 
and process. 

[0077] Functional crosslinks are those that are elastically active and contribute to an increase in modulus for the 
swollen hydrogel-forming absorbent polymers. Gel volume generally provides a reasonable measure of the overall 
level of "functional" crosslinking in an hydrogel-forming absorbent polymer, assuming that the only significant variable 
is the level of crosslinking. Generally, gel volume has an inverse power-law dependence on the level of crosslinking. 
Additional means for determining the overall levels of functional crosslinks include measurements of shear and elastic 
modulus of the resultant hydrogel formed by the swollen polymer. 

[0078] Surface crosslinked hydrogel-forming absorbent polymers have a higher level of crosslinking in the vicinity 
of the surface than in the interior. As used herein, "surface" describes the outer-facing boundaries of the particle, fiber, 
etc. For porous hydrogel-forming absorbent polymers (e.g., porous particles, etc.), exposed internal boundaries can 
also be included. By a higher level of crosslinking at the surface, it is meant that the level of functional crosslinks for 
the hydrogel-forming absorbent polymer in the vicinity of the surface is generally higher than the level of functional 
crosslinks for the polymer in the interior. 

[0079] The gradation in crosslinking from surface to interior can vary, both in depth and profile. Thus, for example, 
the depth of surface crosslinking can be shallow, with a relatively sharp transition to a lower level of crosslinking. 
Alternatively, for example, the depth of surface crosslinking can be a significant fraction of the dimensions of the hy- 
drogel-forming absorbent polymer, with a broader transition. 

[0080] Depending on size, shape, porosity as well as functional considerations, the degree and gradient of surface 
crosslinking can vary within a given hydrogel-forming absorbent polymer. For particulate hydrogel-forming absorbent 
polymers, surface crosslinking can vary with particle size, porosity, etc. Depending on variations in surface:volume 
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covered, inverted, and tapped so that, for each petri dish, the sheet-like structure is transferred to the inverted cover 
of the petri dish and the bottom surfaces of the particles are exposed. Particles adhering to the bottom of the petri dish 
are scrapped off and transferred to the inverted cover. The second half of the application is then applied. The inverted 
cover of the petri dish is then covered by the inverted bottom of the petri dish . The entire system (petri dish bottom, 
petri dish cover, hydrogel-forming polymer, & applied ethylene carbonate solution) is weighed. The total weight of 
ethylene carbonate solution deposited in both petri dishes is determined gravimetrically, by difference from the com- 
bined weight prior to spraying. 

[0087] The treated hydrogel-forming absorbent polymer is transferred to a Number 20 U.S.A Standard Testing Sieve 
(850 micron opening). The sheet-like structure is gently disrupted with gentle pressure using a spatula and plastic 
scoop so that the bulk of the polymer passes through the screen and is collected in a pan. Some physical losses occur 
during this process. The particulate polymer is transferred to a tarred glass beaker and covered with a watch glass. 
The sample is then placed into a pre-heated Despatch LFD Forced Air Oven that is preset at a temperature of 1 95°C. 
It is removed after one hour, placed in a desiccating box over Drierite, and reweighed after cooling to ambient temper- 
ature. The percent weight loss as a result of heating is 1 2.2%. 

[0088] The resultant surface-treated polymer particles tend to adhere to each other. The particulate mass is gently 
disrupted with a spatula and transferred back to the No 20 sieve. The bulk of the particles passes through the sieve 
upon gentle agitation and pressure and are collected in the pan. Some slight additional physical losses occur during 
this process. The surface-treated polymer particles are then transferred to a tarred bottle for weighing and storage. A 
product weight of 1 7.4 grams is obtained. 

[0089] The properties of these surface-treated polymer particles (sample 1-2) are shown in Table 1 below: 



Table 1 



Sample Code 


Mass Median 
(microns) 


Gel Volum (g/g) 


Extractabies 
(weight %) 


PUP Capacity (g/ 
9) 


SFC Value < 1 > 
(10 -7 x cm 3 sec/ 

gm) 


1-1(2) 


400 


42.2 


9 


8.6 


0.073( 3 ) 


1-2 


450 


35.6 


7 


29.3 


115 



(^Average of three determinations 
( 2 )Base polymer for preparation of sample 1-2 (prior to surface crosslinking) 
< 3 )The absorption time for Jayco SynUrine is extended to 16 hours for this sample 



Example 2: Surface Treatment of Nalco 1180 with Ethylene Carbonate at Different Levels 

[0090] The surface-treatment procedure described in Example 1 is repeated on two additional 20.0 gram aliquots of 
the Nalco 1180 particulate hydrogel-forming absorbent polymer, but varying the percent add-on of 50% aqueous eth- 
ylene carbonate solution and reducing the oven temperature 185°C. Again, each of the 20.0 gm aliquots is divided 
evenly into two polystyrene petri dishes for the deposition of the ethylene carbonate solution. The surface treated 
samples are again heated for a time period of one hour. The results are shown in Table 2 below: 



Table 2 



Sample 
Code 


Ethylene 
Carbonat 
Solution 
(wt. %) 


Weight 
Loss @ 
185° (%) 


Mass 

Median 

(microns) 


Gel 

Volume (g/ 

g) 


Extractabies 
(weight %) 


PUP 

Capacit (g/ 

g) 


SFC Valued) 
(10- 7 *cm3sec/ 


2-1 


10.5 


12.0 


470 


38.2 


7 


30.6 


44 


2-2 


20.0 


17.1 


460 


36.0 


7 


30.0 


69 



( 1 ) Average of three determinations 



Example 3: Hydrogel-Forming Absorbent Polymers From Commercial Sources 

[0091 ] The properties of certain particulate partially-neutralized sodium polyacrylate hydrogel-forming polymers ob- 
tained from commercial sources useful in the present invention are shown in Tables 3-1 and Table 3-2: 
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15 



Sample Code 
3-1 


,,,ai 'U'duiursr 


Sample Designation 
W52521 


Lot# 


3-2 


H 


W52503 




3-3 


a 


W52523 




3-4 ~~ 


Nalco Chemical Co( 2 ). 


XP-30 


3707-90A 


3-5 


* 


XP-30 


3815-64 


3-6 


Chemdal Corp.O) 


ASAP- 1001 


3373 


3-7 ) 


u 




00842 



■ ■ «wi»\ oiwuwidusen 

Nalco Chemical Company of Naperviife, Illinois 
< 'Chemdal Corporation of Palatine, Illinois 



Krefeld, Germany 



30 



35 



40 




(1 >Average of three determinations 
Example 4: Selected Size Fraction., of Hvdrooel-Fnrminri P.. ymQ . 

of these fractionated samples a^ 



45 



50 



55 




' tstimated from value for source sample {# 3-2). 
(2 ) Estimated from value for source sample (# 3-2) 
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Table 4 (continued) 



Sample 
Code 


Sample 
Source 


Size Fraction 
(microns) 


Gel Volume 

(g/g) 


Extractables 
(weight %) 


PUP 

Capacity (g/ 

g) 


SFC Value <U 

(10- 7 x 

cm 3 sec/g) 


4-6 


H 


180-250 


30.0 


6 


27.2 


90 



( 1 ) Average of three determinations 



2. Fibrous Materials 

[0093] The absorbent members of the present invention can comprise fibrous materials to form fibrous web or fibrous 
matrices. Fibers usefuljn the present invention include those that are naturally occurring fibers (modified or unmodified), 
as well as synthetically made fibers. Examples of suitable unmodified/modified naturally occurring fibers include cotton, 
Esparto grass, bagasse, kemp, flax, silk, wool, wood pulp, chemically modified wood pulp, jute, rayon, ethyl cellulose, 
and cellulose acetate. Suitable synthetic fibers can be made from polyvinyl chloride, polyvinyl fluoride, polytetrafluor- 
oethylene, polyvinylidene chloride, polyacrylics such as ORLON®, polyvinyl acetate, polyethylvinyl acetate, non-sol- 
uble or soluble polyvinyl alcohol, polyolefins such as polyethylene (e.g., PULPEX®) and polypropylene, polyamides 
such as nylon, polyesters such as D AC RON® or KODEL®, polyurethanes, polystyrenes, and the like. The fibers used 
can comprise solely naturally occurring fibers, solely synthetic fibers, or any compatible combination of naturally oc- 
curring and synthetic fibers. 

[0094] The fibers used in the present invention can be hydrophilic, hydrophobic or can be a combination of both 
hydrophilic and hydrophobic fibers. As used herein, the term "hydrophilic" describes fibers, or surfaces of fibers, that 
are wettabie by aqueous fluids (e.g., aqueous body fluids) deposited on these fibers. Hydrophilicity and wettability are 
typically defined in terms of contact angle and the surface tension of the fluids and solids involved. This is discussed 
in detail in the American Chemical Society publication entitled Contact Angle, Wettability and Adhesion , edited by 
Robert F. Gould (Copyright 1964). A fiber, or surface of a fiber, is said to be wetted by a fluid (i.e., hydrophilic) when 
either the contact angle between the fluid and the fiber, or its surface, is less than 90° , or when the fluid tends to spread 
spontaneously across the surface of the fiber, both conditions normally co-existing. Conversely, a fiber or surface is 
considered to be hydrophobic if the contact angle is greater than 90° and the fluid does not spread spontaneously 
across the surface of the fiber. 

[0095] The particular selection of hydrophilic or hydrophobic fibers will depend upon the fluid handling properties 
and other characteristics desired for the resulting absorbent member. For example, for absorbent members that are 
to be used to replace completely, or partially, a hydrophobic, nonwoven topsheet, at least one of the absorbent mem- 
bers, typically the member adjacent the wearer of the absorbent article, can desirably comprise hydrophobic fibers. 
The use of hydrophobic fibers in at least one of the absorbent members can also be useful where the member com- 
prising the hydrophobic fibers is adjacent a "breathable," but somewhat fluid pervious backsheet of an absorbent article 
such as infant training pants; the member comprising the hydrophobic fibers provides a fluid impervious barrier. 
[0096] For many absorbent members according to the present invention, the use of hydrophilic fibers is preferred. 
This is especially true for absorbent members that are desired to efficiently acquire discharged body fluids, and then 
quickly transfer and distribute the acquired fluid to other, remote regions of the absorbent member or absorbent core. 
The use of hydrophilic fibers is particularly desirable for those absorbent members that comprise the hydrogel-forming 
absorbent polymers. 

[0097] Suitable hydrophilic fibers for use in the present invention include cellulosic fibers, modified cellulosic fibers, 
rayon, polyester fibers such as polyethylene terephthalate (e.g., DACRON® ), hydrophilic nylon (HYDROFIL® ), and 
the like. Suitable hydrophilic fibers can also be obtained by hydrophilizing hydrophobic fibers, such as surfactant-treated 
or silica-treated thermoplastic fibers derived from, for example, polyolefins such as polyethylene or polypropylene, 
polyacrylics, polyamides, polystyrenes, polyurethanes and the like. For reasons of availability and cost, cellulosic fibers, 
in particular wood pulp fibers, are preferred for use in the present invention. 

[0098] Suitable wood pulp fibers can be obtained from well-known chemical processes such as the Kraft and sulfite 
processes. It is especially preferred to derive these wood pulp fibers from southern soft woods due to their premium 
absorbency characteristics. These wood pulp fibers can also be obtained from mechanical processes, such as ground 
wood, refiner mechanical, thermomechanical, chemimechanical, andchemithermomechanical pulp processes. Recy- 
cled or secondary wood pulp fibers, as well as bleached and unbleached wood pulp fibers, can be used. 
[0099] A desirable source of hydrophilic fibers for use in the present invention, especially for absorbent members 
providing both fluid acquisition and distribution properties, is chemically stiffened cellulosic fibers. As used herein, the 
term "chemically stiffened cellulosic fibers" means cellulosic fibers that have been stiffened by chemical means to 
increase the stiffness of the fibers under both dry and aqueous conditions. Such means can include the addition of a 
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[0100] Polymericstiffeninqaaentsthatrfln^l T 9 " by crossl,nkin 9 P°'ymer chains, 
having ni, ro ge^ 

Corp., Bridgewater, NJ, USA- latexe^^tLlTl k ° SS aVa " ab,e fr0m National st a«* and Chemical 
557H, Hercu.es, inc. l«lwC5S^ ~ ^yL^S'r PiChtor ° hydnn <«*■ ^ 
3,556,932 (Coscia etal), issued January 19 19^'<SS2S Tk? deSC " bed ' ,or exam P' 8 ' in U -S Patent 
Cyanamid Co., Stamford. CT, USA, under the SL^^^^rr^ * ^ n 

dehyde resins, and polyethylenimine resins. A genera! dfes ert afonS Ji?* rea /° rma,deh yde and melamine formal- 
generally applicable herein, can be found in TAPPl monnS 1 °" we l sfren 9 th ™™ utilized in the paper art, and 
^njcalAssoc^tion of «he Pulp and P^iS^^T^ * " W6tS,fen9th in Paperand *P«W. 

bonds can increase the stiffnessof the ^eTm^eJ^S^^^?^ bon *- These 
J*" 8 P"*"*. « is not meant to exc.ude other Jpes T.aMoTZ^TT b0n * ,0 Chemica,ly s,iffe " tb * 
[0102] Fibers stiffened by crosslink bonds in individuals f? ,• '° al St,ffenin9 of me fibers - 

processes for their preparation) are dSe" ffSSTlSl * ± ^ ,ibers ' as «« « 

21, 1965; U.S. Patent 3,440,135 (Chung), issued ^^u'sTl JSSS (Bemardin) ' iSSU6d Decemb * 
13, 1976; and U.S. Patent 4,035.147 (Sangenis «t i) ILed Ju^1 2 i? 77 m ^ (Chatter ^' is ^ d January 
2° closed in U.S. Patent 4.822.453 (Dean et al) issued a^i? 1 ' IT' ° r6 Preferred stiffened fibers ■» dis- 
cember 19. 1989; U.S. Patent 4.898.642 ireetll^li * « Pa,em 4l888 '° 93 (Dean et al >- ^ed De- 
etal), issued August 11. 1992. ,MZ (Moore et a '). -ssued February 6, 1990; and U.S. Patent 5,137,537 (Herrow 

chemical stiffening agents are typically monomer* eras tSS^T^' *"" 8ted ' Curled condition ' Suitable 
C 2 -C monoa.dehydes having mmJtuSSSi ^XS^T^SS^ T ™" t0 ' ^ dia ' dehyde - 
capable of reacting with at least two hydroxy, grcu^S ^ ^ C ° mp0UndS are 

chains ,n a single fiber. Specific examples of such S^SSt^H^ h k ° f ° n proximate| y l0 ^ted cellulose 
glyoxal. formaldehyde, glyoxylic acid, oxydisuS SdtSS^^;^ ^ ' imited ,0 ' 9'utara.dehyde, 
tions is to form fibers that are stiffened and S^^S^ - ""* °' crosslinkin 9 und «' these condi- 

fiber, wherein a portion of the fiber £. -3^2^X22?^ 1 8 °° ^ the l0n9itUdina, axis °< ,h * 
microscope with transmitted «ght.Tne twist n^ 
an additional fiber wall due to me aforementioned rota!^ 
of 180-. The number of twist nodes in a certai ^ToffS^^ 
of fiber twist, which is a physical parameter S me ib^Jh?! J f C ° Unt) ' S directly indicalive °* the degree 
count are described in U S PatenU 898 642 f ° r determi ™9 twist nodes and total Lst 

Sbo^^^^ *• ™« ™ o' at leas, about 2.7. preferably at 

erably be at least about 1 .8. prefer^ at eS SSS SdTT ? *" ^ C ° Unt ° f theSe fibers shou,d P«* 
permillimeter less than the aLgedrX^ 
be at least about5.5 twist nodes pVn^^ 
nodes per millimeter and should also raS^ 

count. Most preferably, the average dry fibeS, ^ZSSt!i!!^T^ *" aVefage dry ,iber **» 
the average wet fiber twist count should b. ""l" **» nodes <> er milli ™ter, and 

ro?o6, ist rsr mi,,imeter Iess man *• d ?l;SoS es per m,l,,meter and shouw a,s ° be * ^ 

Ktrs^ r c r Rber «* « be d — - 

invention, fiber cur. is measured in terms of TZSS^S^^ ^ F °' PUrp ° S6S of ,he P resen ' 
referencing a fiber cur. factor. The fibe™ r factr TZ ZZ 'Tn i ^ * *" CUr "' n9 03,1 be duantified b V 
the fiber in a two dimensional plane. To de^c^a^ZT TT™* °' CUr '' iS de,ermined by viewing 
of a two dimensions rectangle aneo n 2^flb^^C^,? nfl,h ° f ^ ,ib6raS the lo "9^t dimension 
The fiber cur. factor can the be c^E^,£3^^ ^ °' ^ fiber ' ^ are both »— 
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Curl Factor = (L A /L R ) - 1. 

[0107] An image analysis method that can be utilized to measure L R and L A is described in U.S. Patent 4,898,642. 
5 Preferably the stiffened fibers will have a curl factor of at least about 0.30, and more preferably will have a curl factor 
of at least about 0.50. 

[01 08] These chemically stiffened cellulosic fibers have certain properties that make them particularly useful in certain 
absorbent members according to the present invention, relative to unstiffened cellulosic fibers. In addition to being 
hydrophilic, these stiffened fibers have unique combinations of stiffness and resiliency. This allows thermally bonded 
io absorbent structures made with these fibers to maintain high levels of absorptivity, and to exhibit high levels of resiliency 
and an expansionary responsiveness to wetting. In particular, the resiliency of these stiffened fibers enables the ab- 
sorbent member to better maintain its capillary structure in the presence of both fluid and compressive forces normally 
encountered during use and are thus more resistant to collapse. 

is 3. Thermoplastic Materials 

[0109] In the case of thermally bonded absorbent members according to the present invention, the member can 
comprise thermoplastic material in addition to the fibers. Upon melting, at least a portion of this thermoplastic material 
migrates to the intersections of the fibers, typically due to interfiber capillary gradients. These intersections become 

20 bond sites for the thermoplastic material. When cooled, the thermoplastic materials at these intersections solidify to 
form the bond sites that hold the matrix or web of fibers together in each of the respective layers. 
[0110] Amongst its various effects, bonding at these fiber intersections increases the overall compressive modulus 
and strength of the resulting thermally bonded member. In the case of the chemically stiffened cellulosic fibers, the 
melting and migration of the thermoplastic material also has the effect of increasing the average pore size of the 

25 resultant web, while maintaining the density and basis weight of the web as originally formed. This can improve the 
fluid acquisition properties of the thermally bonded member upon initial discharges, due to improved fluid permeability, 
and upon subsequent discharges, due to the combined ability of the stiffened fibers to retain their stiffness upon wetting 
and the ability of the thermoplastic material to remain bonded at the fiber intersections upon wetting and upon wet 
compression . In net, thermally bonded webs of stiffened fibers retain their original overall volume, but with the volumetric 

30 regions previously occupied by the thermoplastic material becoming open to thus increase the average interfiber cap- 
illary pore size. 

[01 11] Thermoplastic materials useful in the present invention can be in any of a variety of forms including particu- 
lates, fibers, or combinations of particulates and fibers. Thermoplastic fibers are a particularly preferred form because 
of their ability to form numerous interfiber bond sites. Suitable thermoplastic materials can be made from any thermo- 

35 plastic polymer that can be melted at temperatures that will not extensively damage the fibers that comprise the primary 
web or matrix of each layer. Preferably, the melting point of this thermoplastic material will be less than about t90°C, 
and preferably between about 75°C and about 175°C. In any event, the melting point of this thermoplastic material 
should be no lower than the temperature at which the thermally bonded absorbent structures, when used in absorbent 
articles, are likely to be stored. The melting point of the thermoplastic material is typically no lower than about 50PC. 

40 [0112] The thermoplastic materials, and in particular the thermoplastic fibers, can be made from a variety of ther- 
moplastic polymers, including polyolefins such as polyethylene (e.g., PULPEX® ) and polypropylene, polyesters, co- 
polyesters, polyvinyl acetate, polyethylvinyl acetate, polyvinyl chloride, polyvinylidene chloride, polyacrylics, polya- 
mides, copolyamides, polystyrenes, polyurethanes and copolymers of any of the foregoing such as vinyl chloride/vinyl 
acetate, and the like. One preferred thermoplastic binder fiber is PLEXAFIL® polyethylene microfibers (made by Du- 

45 Pont) that are also available as an about 20% blend with 80% cellulosic fibers sold under the tradename KITTYHAWK® 
(made by Weyerhaeuser Co.) Depending upon the desired characteristics for the resulting thermally bonded absorbent 
member, suitable thermoplastic materials include hydrophobic fibers that have been made hydrophilic, such as sur- 
factant-treated or silica-treated thermoplastic fibers derived from, for example, polyolefins such as polyethylene or 
polypropylene, polyacrylics, polyamides, polystyrenes, polyurethanes and the like. The surface of the hydrophobic 

so thermoplastic fiber can be rendered hydrophilic by treatment with a surfactant, such as a nonionic or anionic surfactant, 
e.g., by spraying the fiber with a surfactant, by dipping the fiber into a surfactant or by including the surfactant as part 
of the polymer melt in producing the thermoplastic fiber. Upon melting and resolidification, the surfactant will tend to 
remain at the surfaces of the thermoplastic fiber. Suitable surfactants include nonionic surfactants such as Brij® 76 
manufactured by ICI Americas, Inc. of Wilmington, Delaware, and various surfactants sold under the Pegosperse® 

55 trademark by Glyco Chemical, Inc. of Greenwich, Connecticut. Besides nonionic surfactants, anionic surfactants can 
also be used. These surfactants can be applied to the thermoplastic fibers at levels of, for example, from about 0.2 to 
about 1 g. per sq. of centim ter of thermoplastic fiber. 

[0113] Suitable thermoplastic fibers can be made from a single polymer (monocomponent fibers), or can be made 
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different polymer. The po^mer comprisingT ZZ^JL^S^ * Aplastic sheath made £ 
polymer comprising the core. As a result hLe bSmln P nt ? * ' ' 0Wer ' ,em Porature thanThe 

sheath polymer, whi.e retaining the d^^SSSSSS STJ^T dU l ° " ^ 

[0114] Suitable bicomponentfibers for use in the £Zln7* [ 6 Core P 0 ^'" 6 ^ 

Poiymer combinat^ns: po.yethy,ene/^ 

polypropylene/polyester, copolyester/polyeste and th ST^iJ^rJ°5 )roPy,ene ' ^"V^POlyester 
use herein are those having a polypropylene or polyeste core ^SS? * blC0m P° nent thermoplastic fibers fo 
or polyethylene sheath (e.g. , DANAKLON® , CELBOND® ot C^fssra hlT 109 co P o| y ester . Polyethylvinyl acetate 
can be concentric or eccentric. As used herein me ^erms "conclnt^ b ™ m P° nent,ib ors). These bicomponentfibers 
a thickness that is even, or uneven, through the™ ^S^J^T^ * ">* Sheath has 

f.bers can be desirable^ providing more compressive streno* at owe fib. ,iber - bicomponent 

or use herein can be eimeruncrimped(i.e.unLt)orclp^ 

text.le means such as, for example a staffer tocmlSSSi 1 B,com P° nent fib ors can be crimped by typical 
dimensional or "flat" crimp. P *' b °* me,h0d ° r the 9ear Cfim P method to achieve a predoLanflylS 

srsrr^ upon m e ,t ^ « ^ 

long, preferably from about 0.4 to abou^ 0 cm ton^n P h3Ve 3 len9th from about 0-3 to about 7 5 cm 

Properties, including me.t point. om^Zl^Te^lTT^ *"* °* * about 1 2 cm "£ 
me fibers. The diameter of these thermopfaSfbe ?SS £ £X2S "V* " 9 ** ^ * 

meters) or decitex (grams per 10,000 meters). SuSle '££2 S „?, ?• l 8 * 8 ' d8nier (grams P er 900 ° 
range from about 1.0 to about 20. preferably from 300^14 ^°^ ^ rmo P |as,,c " ber s can have a decitex in the 
[0116J The compressive modulus of theTZm^ 
-foboimportant.^^ 

but also by the composition and properties of the pohZ o , ffected " 0 « on 'y«'y their length and diameter, 
configuration of the fibers (e.g.. concentric or e^JTo ^Tu^TT^ "* ™^ the sha P e « 
compressive modulus of these thermoplastic fibers can be used to STST* ^ ° m ™ C6S in the 

charactenstics, of the respects absorbent members j£ ^^tSSS coT ^ ^ ^ 



4. Other Components a nd Materials 
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the respective absorbent members, of the ifflrSS*?^"^"**"" 
to not form interfacial barriers to fluid transfer especial if ooSZL T ? ? Sh ° U ' d be ° f such "Ration as 
the absorbent core. Also, when hydrogel-forLg ats rtel/SES ^ r6SPeCtiVe absorbent membe * of 

of the absorbent core, the respective Lh^^S^Z SST ^ " ^ abS ° rbent membe - 
pervious sheet, such as a tissue paper sheet, to olZ^LTZ J** 8 ' ° an be enve, °P ed wi,hin « «"W 

Other optional components that can be included I I ° r89ard,n9 loose Palate absorbent polymer 
[0118] Absorbent members «%^ST^Sf2 °*>r adhesives. contain fecal matte', eto 
foam absorbents include those described in u IS Paten 5 260 i^rn m ,0am - baSed absorbente - Sui ^'e 

U.S. Patent 5.1 47.345 (Young et al). issued September 15 X" ( * N ° Vember 9 ' 1993 a "« 



45 °- AbSOfb6nt Member * Containi "q Hy djoagl^nnjn fl ftteorbentPolvmerj 
1. Concentration. Baste Woi ^> and Fluid Hand|ini Pt ^._ 
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ES ^Z^^ - comprise »e piously de- 

materia.. etc. These absorbent members compri sin hefe abstZSl T"* 8 ^ 38 *^ therm oplastic 
-n the absorbent core. The principle function oi ^uZuid sto^! !' h P T ,UnC,ion as ,,uid borage members 
directly or from other absomentmembers (eg fSS^^^ 

when subjected to pressures normally encountered as I m6mberS) ' and the " retein such flui °. oven 

however, mat such polymer-containing absortent ^eXrs 1 1- TV mve ™ nts - ,f should b « understood. 
[01 20] An important aspect of these ateorbent m^ ! 8 fUnC, '° ns other ,han ,,ui0, st oraQe. 
ormoreregionshavingaNghconcentraS^^^^ 5 the h preSent invenfo " ia contain one 

-nabsorbntarticlescapableofabsorbingandr^^^^^^ 
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level of these hydrogel-forming absorbent polymers and to reduce the level of other components, in particular fibrous 
components. In order to utiliz these hydrogel-forming absorbent polymers at relatively high concentrations, however, 
it is important that these polymers have a relatively high permeability under pressure (i.e., SFC value) as well as a 
relatively high demand absorbency capacity under a relatively high confining pressure (i.e., PUP capacity value). This 
is so that the polymer, when swollen in the presence of body fluids, provides adequate capability to acquire these 
discharged body fluids and then transport these fluids through the gel-continuous fluid transportation zone or layer to 
other regions of the absorbent member and/or absorbent core. 

[0121] In measuring the concentration of hydrogel-forming absorbent polymer in a given region of an absorbent 
member, the percent by weight of the hydrogel-forming polymer relative to the combined weight of hydrogel-forming 
polymer and any other components (e.g., fibers, thermoplastic material, etc.) that are present in the region containing 
the polymer is used. With this in mind, the concentration of the hydrogel-forming absorbent polymers in a given region 
of an absorbent member according to the present invention can be in the range of from about 60 to 100%, preferably 
from about 70 to 100%, more preferably from about 80 to 100%, and most preferably from about 90% to 100%. 
[0122] Another important aspect is the basis weight of the hydrogel-forming absorbent polymer in a given region of 
the absorbent member. The gel permeability and high demand absorbent capacity properties of this hydrogel-forming 
absorbent polymer become most impactful on the absorbency performance of the absorbent member and the absorbent 
core at certain minimum basis weights of the polymer. In measuring the basis weight of the hydrogel-forming absorbent 
polymer in a given region of an absorbent member, the grams of polymer present per square meter (gsm) of area of 
the region is used. With this in mind, the basis weight of a hydrogel-forming absorbent polymer in a given region of an 
absorbent member according to the present invention is at least about 10 gsm, preferably at least about 20 gsm, more 
preferably at least about 50 gsm, and most preferably at least about 1 00 gsm. Typically, these basis weight values are 
in the range of from about 10 to about 1000 gsm, more typically from about 50 to about 800 gsm, and most typically 
from about 1 00 to about 600 gsm. 

[01 23] When a hydrogel-forming absorbent polymer is incorporated in an absorbent storage member at a sufficiently 
high concentration and basis weight, the swelling by body fluids under pressure brings the boundaries of the resultant 
hydrogel within a given region into contact (i.e., the hydrogel in the region becomes contiguous.) Within these expanded/ 
swollen high-concentration regions, the voids and capillaries are generally bounded by the hydrogel, thus forming a 
gel-continuous fluid transportation zone or layer. For these regions, it is believed the fluid permeability approaches that 
of a comparable hydrogel layer formed under pressure from the polymer alone. Moreover, the use of the previously 
described hydrogel-forming absorbent polymers having relatively high SFC values confers a higher permeability and 
thus good fluid acquisition and transport properties for these gel-continuous fluid transportation zones or layers. 

2. Wet Integrity of Absorbent Member and/or Absorbent Core 

[0124] During initial fluid acquisition, absorbent core utilization occurs in the immediate vicinity of the gush. There 
are several pathways for utilizing the absorbent core beyond this initial fluid acquisition point. Fluid can move across 
the topsheet and enter the core over a larger area. This is not a desirable situation since this fluid is in contact with 
the skin and is vulnerable to leakage from the absorbent article. Certain features of the absorbent article, e.g. barrier 
leg cuffs, can help with the latter. Also, special fluid acquisition members have been used to move fluid below the 
topsheet prior to entry into the storage regions of the absorbent core. In spite of these measures to improve fluid 
handling performance, there is still a need to gain as much lateral (i.e., X-Y dimension) fluid movement as possible in 
the storage regions of the core, particularly as the absorbent cores become thinner and thinner. 
[01 25] The potential improvements in lateral fluid movement offered by absorbent members comprising the relatively 
high permeability hydrogel-forming absorbent polymers described above requires a certain amount of physical conti- 
nuity in the hydrogel-containing region (i.e., the gel-continuous fluid transportation zone or layer) for adequate fluid 
movement to take place through contiguous interstitial voids and capillaries. Realization of the benefits of these high 
permeability hydrogel-forming absorbent polymers is facilitated by absorbent members and absorbent cores designed 
to reduce or minimize the occurrence of disruptions in the gel-continuous fluid transportation zones or layers that are 
formed when the polymer is swollen by body fluids. Absorbent members and/or cores that provide such characteristics 
are referred to herein as having good wet integrity. By "good wet integrity" is meant that the region or regions in the 
absorbent member having the high concentration of hydrogel-forming absorbent polymer have sufficient integrity in a 
dry, partially wet, and/or wetted state such that the physical continuity (and thus the capability of acquiring and trans- 
porting fluid through contiguous interstitial voids/capillaries) of the gel-continuous fluid transportation zone or layer 
formed upon swelling of the hydrogel-forming absorbent polymer in the presence of body fluids is not substantially 
disrupted or altered, even when subjected to normal use conditions. 

[0126] During normal use, absorbent cores in absorbent articles are typically subjected to tensional and torsional 
forces of varying intensity and direction. These tensional and torsional forces includ bunching in the crotch area, 
stretching and twisting forces as the person wearing the absorbent article walks, squats, bends, and the like. If wet 
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23TV U ? a,,erati ° n COUId reduce °' U K ,n, ° 3 P' ura,it y o'significantly smaS 

compose, etc.. in the absorbent membe SCi^JSI IT'S by Van '° US d6si ^ -figurations 
me other components in the absorbent core (e.g. fLacou^ 

can also be modified to produce interlocking fibe s doZs of r h ** The fibrous component 

ZZ e S inte , 9rity ,o the absorbent ^Srsi 9 ^ irre9u,arities that ^ * 

Also the hydrogel-forming absorbent polymer itself can tt ™5? h (LaSh et al) ' fesued J«™ 19 1990 

JJdnfl. curling, adjusting the fiber length or JS^S!^ "V ** 0336 °' ,ibrous fo ™ 
a ^n' n to ^ e absorbent member. Cf.u S PatenM 86i i^fJii S cause interlocking, or otherwise 
4,997.714 (Farrar et al), issued March 5 igj u S pt£ „ 'f^' 6 " issued August 29, 1989; U S Snt 
U.S. Paten, 5.147.956 (Allen et a.), issued Setter ™9V ^ " ^ iSSUed 9. 1990; and 



and consequently minimize the disruptive impact oFXZrJeKn? re9 '° nS C ° ntaining ,ittle or "° Polyme 
membersoftheabsorbentcore. * ,eneterepn,na,ate ( p ET)f'berscan also be included in othLbsorbem 

'IT^^ For examp,e. 

or t,ssues can be contiguous or noncontiguous oT hvdrnS? GS ° an be used ' ™ ese n °™oven layers 
member. They can be attached to one oS abS ° fbem ^™™taining absorb'em 

other members of the absorbent core by thermal Zdin a 0 r lJ h ^ lym ? r - contai ™9 absorbent member, or to 

4,798.603 (Meyer, et. a.), issued January 1 TSb 9 ^ '° r addifonal inte ^ c '- U.S. Patent 

to tack ( ty the polymer. Upon drying, the laminat^ 
mat the poller is no, loose and Lnnot easTyTe s^ 

mat the polymer ,s contained or encapsulated by gluing wim a wll n ^ 030 also be ,ormed 
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D. Absorbent Cores 

[0128] Absorbent members according to the present invention comprising high concentrations of hydrogel-forming 
absorbent polymers are useful alone or in combination with other absorbent members in a variety of absorbent cores. 

5 These other absorbent members can includ those useful for initially acquiring the discharged body fluids before these 
fluids are distributed to the fluid storage member of the absorbent core. These include absorbent members that provide 
multiple fluid handling properties (e.g., fluid acquisition and distribution) or single fluid handling properties (e.g., fluid 
distribution). These other absorbent members can also comprise lower concentrations of the hydrogel-forming absorb- 
ent polymers that have the physical properties previously specified (e.g. relatively high SFC and PUP capacity values 

10 as described in B(1)(b) above) or can comprise hydrogel-forming absorbent polymers having different physical prop- 
erties (e.g. lower SFC and/or PUP capacity values). 

[0129] One suitable absorbent core according to the present invention comprises: (1) an upper assembly having: 
(a) an acquisition layer substantially free of hydrogel-forming absorbent polymer; and (b) an absorbent polymer layer 
mainly comprising a first hydrogel-forming absorbent polymer that has an SFC value of at least about 4 x 10* 7 cm 3 sec/ 

is g, preferably at least about 6 x 1 0- 7 cm3sec/g, more preferably at least 9x10* 7 cm3sec/g and most preferably at least 
15x1 0- 7 cm 3 sec/g and which is present in an amount of at least about 20 gsm; and (2) a lower assembly that includes: 
(a) an upper layer having void space for storage and redistribution of body fluids and (b) a lower layer that contains a 
high concentration of a second hydrogel-forming absorbent polymer having least the SFC and PUP capacity values 
described in B(1)(b) above and wherein at least about 70% of the total amount of the second hydrogel-forming ab- 

20 sorbent polymer that is in the upper and lower layers is in the lower half of the combined thickness of the upper and 
lower layers. 

[01 30] One such absorbent core is shown in Figure 1 . Figure 1 shows a cross-section of an absorbent article indicated 
as 10 having a topsheet 12, a backsheet 16 and an absorbent core indicated by 20 positioned between topsheet 12 
and backsheet 16. As shown in this Figure, core 20 comprises an upper assembly 24 and a lower assembly 28. Upper 

25 assembly 24 comprises an upper acquisition/distribution layer 32, and a layer 40 comprising the first hydrogel-forming 
absorbent polymer separated from the acquisition layer 32 by a tissue layer 36 having two folds in the Z direction. 
Lower assembly 28 comprises an upper fibrous layer 44, a lower layer 48 comprising the second hydrogel-forming 
absorbent polymer, and a tissue layer 52. Layers 32 and 40 can be separate layers as shown in Figure 1 or can be 
merged into a single layer and serve as a storage and redistribution assembly. As is apparent from Figure 1 , it is not 

30 essential that the layers should be co-extensive. 

[0131] Acquisition layer 32 of upper assembly 24 is the upper effective layer of the absorbent core and is typically 
substantially free of hydrogel-forming absorbent polymer. If hydrogel-forming absorbent polymer is included, the 
amount should be kept relatively low and is preferably substantially free of superabsorbent material, at least in the 
upper half layer 32, and generally throughout most or all of its thickness. See U.S. Patent 5,217,445 (Young et al), 

35 issued June 8, 1993, and U.S. application Serial No. 625,776 (Cook et al), filed December 17, 1990, which are incor- 
porated by reference Layer 32 can be of foam or any other suitable porous or capillary material but is usually formed 
from fibrous material. The fibrous material can be any fibrous material that has a suitable resistance to load when wet, 
i.e. is able to maintain satisfactory void volume under such conditions. Particularly preferred fibrous materials for layer 
32 are chemically stiffened fibers as described in B(2) above, typically in an amount of 50 to 1 00% by weight of layer 32. 

40 [0132] Layer 40 of upper assembly 24 can be integral with the lower part of layer 32 but preferably is a separate 
layer and can be separated from the layer 32 by a tissue or other component that acts as a containment barrier for the 
hydrogel-forming absorbent polymer. It is important that layer 40 allow the body fluids acquired by layer 32 to pass 
rapidly therethrough and be distributed beyond layer 40. The amount of the first hydrogel-forming absorbent polymer 
in layer 40 should be sufficient to provide a hydrogel layer when swollen by absorption of body fluids in use. This first 

45 hydrogel-forming absorbent polymer is usually in particulate form and is usually present in an amount of at least about 
20 gsm, more typically in an amount of at least about 50 gsm. Generally layer 40 should not be too thick; normally the 
amount of hydrogel-forming absorbent polymer is below about 320 gsm and more typically below about 200 gsm. 
[0133] Lower assembly 28 serves as the storage and redistribution component of core 20 and includes an upper, 
usually fibrous, layer and a layer of second hydrogel-forming absorbent polymer. The upper layer 44 of lower assembly 

so 28 is generally fibrous but can be formed from foam or other suitable capillary or porous material, and can be formed 
from the same or different materials as layer 32. 

[01 34] Upper layer 44 can be substantially or completely free of hydrogel-forming absorbent polymer. However it is 
often desirable for the upper and lower layers 44 and 48 to be formed to provide a fibrous matrix wherein more than 
half, and usually at least about 70%, of the hydrogel-forming absorbent polymer in these layers is in the lower half 
55 thereof. For example, from about 70 to 100%, more typically from about 75 to about 90% of the second hydrogel- 
forming absorbent polymer is in the lower 50% of combined layers 44 and 48. There can be some, for example, up to 
about 30%, of the second hydrogel-forming absorbent polymer in the upper half of combined layers 44 and 48. 
[0135] The first hydrogel-forming absorbent polymer, and sometimes also the second hydrogel-forming absorbent 
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in Figure 2 preferably comprises a blend of crimped synthetic fibers and either natural fibers or cross-linked cellulosic 
fibers. 

[01 44] In one preferred embodiment, the acquisition layer 1 30 comprises a blended layer comprising a homogeneous 
air-laid mixture of about 20% crimped hydrophobic polyethylene terephthalate (PET) fibers and about 80% of either 
5 airfelt or chemically stiffed cellulosic fibers. The PET fibers preferably have a denier per fiber of about 40, an uncrimped 
length of about 0.5 inch (about 1.3 cm), a crimp frequency of about 6 crimps per lineal inch (2.54 cm), and a crimp 
angle of about 88°. 

[0145] While the preferred material for the crimped fibers in this embodiment is PET, alternative embodiments can 
be any non-water absorbing material that has a wet stiffness similar to PET. Other suitable materials for use as the 

io crimped fibers include, but are not limited to polypropylene, nylon, polyethylene, and bicomponent fibers. In addition, 
the denier of the fibers preferably ranges from about 1 1/2 or 2 dpf to about 30 dpf. The uncrimped length of the fibers 
preferably ranges from about 0.25 inch (about 0.6 cm) to about 2 inches (about 5 cm). The crimp frequency is preferably 
between about 5 and about 1 5 crimps per lineal inch. The crimp angle preferably ranges from about 60° to about 1 00°. 
The amount of crimped fibers in the acquisition layer can range from about 5% to about 90%, and to be practical for 

is use in disposable absorbent articles from a cost standpoint preferably ranges from about 1 0% to about 50%, and most 
preferably about 20% to about 40%. 

[0146] Acquisition layer 130 can be substantially undensified during the process of manufacturing the diaper. In 
alternative embodiments, the acquisition layer 130 can be densified by compressing it to densities ranging up to as 
high as about 4.8 g/cubic inch (about 0.3 g/cm 3 ), or more. 

20 [01 47] Further variations can be desirable when the acquisition layer 1 30 is used in certain types of absorbent articles. 
In one embodiment that is preferred when the absorbent article comprises a sanitary napkin, the acquisition layer 1 30 
preferably comprises a spunlace nonwoven web comprised of permanently wettable fibers. Preferably, the acquisition 
layer 130 is a 30 g/yard 2 (35 g/m 2 ) PET spunlace nonwoven web. Spunlaced fabrics of this type are manufactured by 
the Veratec Company of Walpole, Massachusetts. The spunlace nonwoven web is formed in such a way that most of 

25 the fibers are oriented in a single direction, such as the longitudinal direction, for preferential wicking. The fibers of this 
preferred acquisition layer 1 30 material are made of a PET resin and are coated with a proprietary permanently wettable 
finish known as CELWET. These fibers are obtained from the Hoechst Celanese Corporation of Charlotte, North Caro- 
lina. 

[01 48] An optional intermediate fluid stable layer 1 34 is preferably located between the acquisition layer 1 30 and the 
30 storage layer 1 32. Layer 1 34 serves two main purposes: (1 ) as a supporting substrate for the adjacent acquisition layer 
130 and the storage layer 132 and; and (2) a structure to which fluid stable bonds can be formed with the synthetic 
fibers in the acquisition layer 130 and storage layer 132. Layer 134 preferably retains a high degree of its integrity 
when wet, should not interfere with fluid movement from the acquisition layer 130 into the storage layer 132, and is 
also preferably flexible so that the flexibility of the absorbent article is substantially unaffected by the presence of the 
35 fluid stable layer 134. In one preferred embodiment, layer 134 is a spunbonded polyester nonwoven web. 

[01 49] A commercially available spunbonded polyester nonwoven web suitable for use as fluid stable layer 1 34 is a 
material known as RE EM AY® 2055 sold by Reemay, Incorporated of Old Hickory, TN. This material has a basis weight 
of about 0.55 oz./yd 2 (about 18.6 g/m 2 ) and is comprised of 4 denier per fiber tri-lobal cross-sectional ly shaped fibers. 
The REEMAY web is similar to the material that is used in BOUNCE® dryer sheets manufactured by The Procter & 
40 Gamble Company of Cincinnati, Ohio under U.S. Patents 4,073,996, 4,237,1 55, and 5,094,761 . A key factor in selecting 
the polyester nonwoven web is its perviousness. The REEMAY web also contains inter-fiber spaces that are of sufficient 
size to permit some of the fibers in the acquisition layer 130 to penetrate into the storage layer 132 and some of the 
fibers in the storage layer 132 to penetrate into the acquisition layer 130. 

[0150] In alternative embodiments, layer 134 can be comprised of other non-water absorbing materials that are 
45 similar to polyester. Examples of suitable materials for use as layer 134 include, but are not limited to polypropylene, 
nylon, and polyethylene. In addition, in other embodiments instead of using synthetic materials, layer 134 can comprise 
a high wet strength, low stretch (i.e., low extensibility), tissue provided in a structure in which the bonds between the 
high wet strength tissue and the adjacent acquisition layer 130 and storage layer 132 remain strong when wet. 
[0151] In alternative embodiments, a high wet strength adhesive can be used with any of the other types of fluid 
so stable layers 134, including but not limited to the REEMAY® material. In addition, in other alternative embodiments, 
layer 1 34 can be a nonwoven material made by another suitable process. In still other embodiments, layer 1 34 can be 
some type of material other than a nonwoven. For example, layer 134 can comprise a scrim or a net. 
[01 52] Further, the location of the fluid stable layer 1 34 within the absorbent core can vary in different embodiments. 
Layer 1 34 is preferably positioned between the acquisition layer 1 30 and the storage layer 1 32. In other embodiments, 
55 however, layer 134 can be positioned adjacent other faces of the components of the multi-layer absorbent core 120. 
Further, if the components of the multi-layer absorbent core 1 20 such as the acquisition layer and storage layer comprise 
more than one layer, the fluid stabl layer 1 34 can be positioned between the layers comprising such components. In 
still other alternative embodiments, layer 134 can comprise more than one layer. In this case, th additional layers 
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200 and 400 Series PET fibers. One suitable type of synthetic binder fiber is the KODEL® 41 0 fiber. A suitable polyester 
fiber is the KODEL® 431 fiber. These KODEL® fibers have a denier of 15 per filament and a length of about 0.5 inch 
(about 1 .3 cm) and are preferably crimped at a crimping frequency of between about 5 and 8, preferably about 6, more 
preferably 6.3 crimps per linear inch (i.e., per 2.5 cm). The fibers are preferably crimped at a crimping angle of between 
5 about 70° to about 91 °, more preferably about 88°. Crimping provides the fibers with improved resilience, among other 
desired properties. The fibers may be coated with a hydrophilic or hydrophobic finish by any suitable method known 
in the art. 

[01 62] In alternative embodiments, it is possible to replace the natural fibers in the first group of fibers with very short, 
low denier, synthetic fibers (with hydrophilic surfaces). The blended storage layer 132 in such embodiments would 
io consist of short, low denier, hydrophilic first group of synthetic fibers (such as polyester fibers with a CELWET® finish) 
and long, high denier second group of crimped synthetic fibers. 

[0163] The blended storage layer 132 also contains hydrogel-forming absorbent polymer in amounts as previously 
set forth in C(1 ) above: The blended storage layer 1 32 is also preferably compressed to a density of at least about 1 .5 
g/cubic inch (about 0.09 g/cm 3 ). The blended layer 132 can be compressed to densities at least as high as about 4.0 

is g/cubic inch (about 0.25 g/cm 3 ) to improve fluid wicking (that is, distribution of fluids to other parts of the storage layer) 
while still maintaining good softness and flexibility. The blended storage layer 132 can be compressed to densities up 
to as high as about 5.6 g/in 3 to about 6.4 g/in 3 (about 0.35 g/cm 3 to about 0.40 g/cm 3 ). These higher density cores 
can become rather stiff, however. Therefore, if storage layer 132 is compressed to densities of about 0.35 g/cm 3 to 
about 0.40 g/cm 3 , it is preferably mechanically flexed or otherwise manipulated to make it more flexible before it is 

20 placed in use. (For simplicity, the density values specified above do not include the weight of any particles of hydrogel- 
forming absorbent polymer. The overall density of the storage layer, thus, will be greatly affected by the amount of 
hydrogel-forming absorbent polymer in the storage layer, making it impractical to attempt to express an all-inclusive 
overall range of density for the storage layer.). 

[0164] The three components of the preferred multiple layer absorbent core 120, the acquisition layer 130, fluid 

25 stable layer 1 34, and storage layer 1 32, are preferably held together by adhesives applied between the adjacent faces 
of the components. The bonds between the components of the multiple layer absorbent core 1 20 are particularly shown 
in Figure 2. The body-facing side of the acquisition layer 130 is adhered to the underside (or garment-facing side) of 
the topsheet 112 by adhesive 166. The garment-facing side of the acquisition layer 130 is bonded to the body-facing 
side of the fluid stable layer 134 by adhesive 167. The garment-facing side of the fluid stable layer 134 is, in turn, 

30 bonded to the body-facing side of the storage layer 132 by adhesive 168. The multiple layer absorbent core 120 is 
also preferably adhered between the topsheet 112 and backsheet 116 by adhesives shown as layers 166 and 169. 
These adhesives are applied between the multiple layer absorbent core 120 and the respective inwardly facing surface 
(or garment-facing side) the topsheet 112 (as described above) and the body-facing side of the backsheet 116. 
[0165] The adhesives are shown schematically as layers in Figure 2 for simplicity. The adhesives, however, need 

35 not be applied only in the form of layers. The adhesives can be applied in any of the manners described with relation 
to the adhesives used to bond the acquisition layer to the topsheet (e.g., spirals, etc.). In addition, other types of 
attachment means can be used. The components of the multiple layer absorbent core can be adhered together by any 
of the attachment means that are described above with relation to adhering the acquisition layer to the topsheet. It 
should also be understood that the various different layers of the multiple layer absorbent core need not all be attached 
by the same type of attachment means. The layers of the multiple layer absorbent core can be attached to each other 
by different attachment means and/or if adhesives are used, different types of adhesive applications/patterns can be 
used between layers. In the preferred embodiment shown in Fig. 2, the layers of the multiple layer absorbent core are 
preferably held together by an open pattern network of adhesive filaments comprising several lines of adhesive fila- 
ments swirled into a spiral pattern. 

45 [01 66] The crimped synthetic fibers in acquisition layer 1 30 and storage layer 1 32 serve an important role in the wet 
integrity of the components of the multi-layer absorbent core 120. The crimped synthetic fibers in the acquisition layer 
1 30 and storage layer 1 32 should preferably be long enough to form at least portions of the surfaces of these respective 
components. The synthetic fibers will typically be long enough to form at least a portion of the surface of a given layer 
if they have lengths that range from lengths that are equal to the thickness of the layer that they comprise up to lengths 

so that are greater than or equal to 50% more than the thickness of the layer they comprise. 

[0167] The synthetic fibers (or portions thereof) that form part of the surface of the acquisition layer and the storage 
layer are available to be bonded with adhesives to the adjacent layers. Since the synthetic fibers are moisture insen- 
sitive, they will be able to form fluid stable bonds (not shown) to the topsheet 112. This will ensure that the bonds do 
not fail when the absorbent article 110 is wetted by bodily exudates. Fluid stable bonds will also be formed between 

55 the garment-facing surface of the acquisition layer 1 30 and the fluid stable layer 1 34 (or if there is no intermediate fluid 
stable layer, to th body-facing surface of the storage layer 132). The crimped synthetic fibers will also form fluid stable 
bonds between th garment-facing surface of the fluid stable layer 1 34 and the body-facing surface of the storage 
layer 132. Fluid stable bonds will also be formed between the garment-facing surface of the storage layer 132 and the 
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body-facing surface of the backsheet 116 
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layer 230 material to the storage layer 280, the primary cor integrity layer 230 can be joined to the storage layer 280 
by the hot-melt or pressure-sensitive properties of the preferred primary core integrity layer 230 material. 
[01 75] As further shown in Figure 3, the acquisition/distribution layer 250 is joined to the topshe 1 21 2 by construction 
adhesive layer 290. The primary core integrity layer 230 is joined to the backsheet 216 by construction adhesive layer 
5 296, and to the topsheet 212 by the hot-melt or pressure-sensitive properties of the primary core integrity layer 230 
material. 

[0176] As shown in Figure 3, construction adhesive layer 290 extends outside the side edges of the acquisition 
/distribution layer 250 and inside the side edges of tissue layer 270. Construction adhesive layer 290 can be wider 
than the tissue layer 270 so as to effect joinder of the primary core integrity layer 230 to the topsheet 212. However, 

w for economic reasons a separate application of a construction adhesive will usually be made to effect such joinder. 
Construction adhesive layer 292 is shown in Figure 3 to extend in the same manner as construction adhesive layer 
290. Construction adhesive layer 294 extends inside the side edges of the storage layer 280, and for economic reasons 
preferably extends a maximum lateral distance of up to about the narrowest width of the storage layer 280 in the crotch 
region of the absorbent core. As shown in Figure 3, construction adhesive layer 296 extends inside the side edges of 

is the primary core integrity layer 230. Construction adhesive layer 296 can alternatively extend outside the side edges 
of primary core integrity layer 230 in order to effect joinder of backsheet 116 to the topsheet 212. In a preferred em- 
bodiment, construction adhesive layers 290, 292, 294, and 296 are applied over the entire length (not shown) of at 
least one of the acquisition/distribution layer 250, tissue layer 270, storage layer 280, backsheet 21 6, or topsheet 21 2. 
[0177] The primary core integrity layer 230 that preferably envelopes at least one layer of the absorbent core 220 

20 and which is joined, prefeYably directly joined, to a chassis component (e.g., the topsheet 212 or backsheet 216) of 
the absorbent article. The primary core integrity layer 230 tends to improve the integrity of the absorbent layers that it 
envelopes. Thus, in a preferred embodiment, the primary core integrity layer 230 envelopes each of the layers of the 
absorbent core 220. The following description is therefore directed to a primary core integrity layer that envelopes each 
of the layers of the absorbent core 220. It should be understood, however, that improvements in absorbent core integrity 

25 can be obtained by using a configuration in which the primary core integrity layer envelopes only one or some of the 
absorbent layers of the absorbent core 220. For example, the integrity of an acquisition/distribution layer 250, and thus 
of the absorbent core 220 incorporating the same, can be improved by enveloping only the acquisition/distribution layer 
250 with the primary core integrity layer 230. In addition, a primary core integrity layer that does not envelope any of 
the absorbent core layers can be used to improve the absorbent core integrity. For example, the surface area dimen- 

30 sions of the primary core integrity layer can be less than those of each absorbent core layer (the primary core integrity 
layer would then be positioned and joined as described herein for a secondary core integrity layer that does not envelope 
any of the absorbent core layers). However, it is believed that enhanced absorbent core integrity is achieved where 
the primary core integrity layer envelopes at least one absorbent core layer, such that this embodiment is preferred. 
[0178] By "enveloped," it is meant that primary core integrity layer 230 encloses or surrounds at least a portion of 

35 the absorbent core 220 (or layer thereof). In a preferred embodiment, the primary core integrity layer 230 envelopes 
at least a portion of the side edges of absorbent core 220 and at least one of the surfaces of the absorbent core. The 
primary core integrity layer 230 will typically envelope the side edges of one or more layers in the Y-Z- dimension. 
[0179] The primary core integrity layer 230 additionally serves to hold the absorbent core 220 in a relatively stable 
position, since the absorbent core will be physically constrained by the primary core integrity layer. It is also believed 

40 that primary core integrity layer 230 helps to maintain the adhesive bonds that typically join the absorbent core and 
chassis component of absorbent articles, e.g., where a construction adhesive is used to join these components. The 
primary core integrity layer is particularly useful in maintaining the integrity of the adhesive bonds typically joining 
cellulosic fibers of absorbent core 220 to a polymeric chassis, more particularly a chassis formed of or coated with a 
synthetic polymeric material (hereinafter "synthetic polymeric chassis"). 

45 [01 80] Since the primary core integrity layer 230 forms a relatively strong bond and physically constrains absorbent 
core 220, the primary core integrity layer tends to reduce the forces encountered by the relatively weak, cellulosic fiber- 
construction adhesive-polymeric chassis bonds such that these latter bonds have a reduced tendency toward breakage. 
Further, if the cellulosic fiber-construction adhesive-polymeric chassis bonds do fail, the relatively strong primary core 
integrity layer-chassis bond tends to retain the absorbent core in a relatively stable position. Thus, the absorbent core 

so has a reduced tendency to separate from the chassis component. This positive effect on adhesion can be particularly 
important when the absorbent article is wetted. When the cellulosic fibers and hydrogel-forming absorbent polymer 
that are incorporated into the absorbent core expand upon wetting, the forces exerted by the expanding cellulosic 
fibers and hydrogel-forming absorbent polymer tend to cause a loss of adhesion between the fibers, hydrogel-forming 
absorbent polymer, and chassis (adhesive failure tends to occur between the fibers and/or hydrogel-forming absorbent 

55 polymer and the construction adhesive, rather than the chassis and construction adhesive). 

[01 81 ] By effectively constraining the absorbent core, the primary core integrity layer 230 also reduces th tendency 
of the other layers in absorbent core 220 to slip away and/or separate from one another. This tendency toward slippage 
and/or separation is further reduced where th primary core integrity layer comprises a tacky, pressure-sensitive ma- 
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occur via the pressure-sensitive properties of the adhesive after the adhesive has solidified. Various hot-melt, pressure- 
sensitive adhesives are known in the art and are suitable for use herein. 

[0189] Preferred hot-melt, pressure-sensitive adhesives are also elastomeric. Elastomeric, hot-melt, pressure-sen- 
sitive adhesives are disclosed in the above referenced and incorporated U.S. Patent 4,731,066, and include those 
s materials based on thermoplastic block copolymers, polyacrylates, and ethylene vinyl acetate. Suitable elastomeric, 
hot-melt, pressure-sensitive adhesives include the A-B-A block copolymer based adhesives that are specified as H- 
2085 and H-2031 by Findley Adhesives, Inc., of Wauwatosa, Wl. 

[01 90] The primary core integrity layer 230 can be formed using a meltblown fiber process. Meltblown fiber processes 
and equipment are generally known in the art. In general, the thermoplastic material is heated to and held at a tem- 

10 perature sufficient to allow meltblown processing, typically at least until the material is in a liquid or molten state (melt/ 
liquefaction temperature). (In general, the selection of any given temperature in the meltblown process is limited by 
the degradation temperature of the particular thermoplastic material being processed.) The molten/liquefied material 
is extruded under pressure (gun pressure) through orifices in a meltblown glue gun. Upon extrusion, the molten/liquid 
material is subjected to air flowing under pressure (air pressure) which fiberizes the material (strands are formed). The 

is meltblown glue gun and air are heated to a desired gun temperature and air temperature, respectively, in order to 
facilitate strand formation. During and/or after strand formation, the thermoplastic material cools to form stabilized 
strands of the thermoplastic material. The apparatus is configured such that the strands are laid onto a desired sub- 
strate. 

[0191] The meltblown process parameters are preferably selected to provide a mesh having a certain strand orien- 
20 tation and denier. These parameters include the melt/Hquefaction temperature, gun temperature, air pressure, and air 
temperature. In a preferred embodiment, these parameters are varied to enable the formation of sinuous (wavy) strands 
which are oriented in substantially the same direction with some crosswise linking to form an intertwining web of the 
strands. In addition, it is generally desired to form relatively large denier strands, since the degree of wetting of the 
thermoplastic material to the absorbent core and thus the degree of improvement in absorbent core integrity tends to 
25 increase with increasing strand denier. The strands preferably have a denier of at least about 60 microns, preferably 
from about 80 microns to about 200 microns, more preferably about 90 to about 200 microns, most preferably about 
100 to about 200 microns. 

[0192] In general, as the viscosity of the thermoplastic material being meltblown decreases, strand formation more 
readily occurs, with the resultant strands tending to have a finer denier. The viscosity also influences the strand orien- 
30 tation, the orientation tending to become more random with decreasing viscosity. The viscosity for a given material 
typically decreases with an increasing melt/liquefaction temperature and particularly with increasing gun temperature. 
Therefore, the melt/liquefaction and gun temperatures are selected to provide a viscosity that enables strand formation 
as desired. 

[0193] The melt/liquefaction temperature is typically from about 121°C (250°F) to about 204°C (400°F), preferably. 
35 about 149°C (300°F) to about 190°C (375°F). The adhesives designated H-2031 and H-2085 are typically held at a 
temperature of from about 135°C (275°F) to about 204°C (400°F), preferably about 149°C (300°F) to about 177°C 
(350°F), more preferably about 165°C (330°F). 

[0194] The gun temperature is typically at or above the melt/liquefaction temperature, preferably above the latter, 
temperature in order to facilitate strand formation. The gun temperature is typically from about 149°C (300°F) to about 

40 204°C (400°F), preferably about 163°C (325°F) to about 190°C (375°F), more preferably about 182°C (360°F). 

[0195] The air pressure influences both strand orientation and denier. For a given material and set of process tem- 
peratures (particularly gun and air temperatures), as the air pressure increases the strands tend to form in a more 
random orientation and with a finer denier. The air pressure is preferably at least high enough to form strands of molten/ 
liquefied thermoplastic material which touch and thus are able to interconnect while the thermoplastic material is in a 

45 sufficiently molten/liquid state, as described below. In a preferred embodiment, the air pressure is selected to enable 
the formation of sinuous strands in substantially the same direction with some crosswise linking to form an intertwining 
web of strands. Thus, it is preferred that the air pressure is not so high as to cause the formation of strands in random 
orientation. Typically, the air pressure is from about 4 psi to about 15 psi, preferably about 6 to about 10 psi, more 
preferably about 7 to about 9 psi, most preferably about 8 psi. 

so [0196] The air temperature will generally be selected so as to maintain the extruded thermoplastic material in the 
molten/liquefied state. Thus, the air temperature will usually be greater than or equal to the gun temperature in order 
to offset any cooling effects that might otherwise occur. Preferably, the air temperature is sufficient to integrity layer 
230 is directly joined to a chassis component, preferably the topsheet 212. The primary core integrity layer can be 
joined to a chassis component by a construction adhesive. Alternatively, the primary core integrity layer can be joined 

55 to a chassis component by the hot-melt or pressure-sensitive properties of the thermoplastic material of the primary 
core integrity layer, where such materials ar used. 

[0197] In a preferred embodiment, the primary core integrity layer 230 is directly joined to the chassis component 
by a construction adhesive. Suitable construction adhesives include any of the adhesive materials such as are known 
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button layer 250, th tissue layer 270, and the storage layer 280. 

[0206] The secondary core integrity layer 240 can alternatively envelope the absorbent layers as described for the 
primary cor integrity layer 230. Th extent of enveloping can be the same or different from that of th primary core 
integrity layer or any other secondary core integrity layer. Thus, the secondary core integrity layer 240 can envelope 
relatively different longitudinal portions of the side edges of an absorbent layer, and/or a different surface and/or relative 
portion of a surfac of an absorbent layer. 

[0207] The secondary core integrity layer 240 can be formed of a thermoplastic material and by a process as de- 
scribed for the primary core integrity layer. The secondary core integrity layer can be formed of the same thermoplastic 
material as the primary core integrity layer 230 or from a different thermoplastic material. For ease of processing, the 
secondary core integrity layer is preferably formed of the same thermoplastic material as is the primary core integrity 
layer. In addition, the secondary core integrity layer can be formed using process parameters that are the same or 
different from those used to form the primary core integrity layer. Preferably, the same process parameters are used 
such that the secondary core integrity layer has a basis weight, and the strands of thermoplastic material thereof have 
a denier and orientation, which are substantially the same as the primary core integrity layer. 
[0208] The secondary core integrity layer 240 can be joined to one or more absorbent core layers and/or a chassis 
component. Joinder can occur using a construction adhesive and/or by the hot-melt and/or pressure-sensitive prop- 
erties of the secondary core integrity layer material, as described for joinder of the primary core integrity layer to a 
chassis component. 

[0209] The absorbent article 21 0 shown in Figure 3 can be formed in the following manner. A secondary core integrity 
layer 240 is formed on the garment facing surface of acquisition/distribution layer 250. The secondary core integrity 
layer 240 is joined to tissue layer 270 by construction adhesive layer 292 that is preferably applied to the body facing 
surface of tissue layer 270. The garment facing surface of tissue layer 270 is then joined to storage layer 280 by 
construction adhesive layer 294 that is preferably applied to the garment facing surface of tissue layer 270. The resultant 
laminate is then joined to the topsheet 212 by construction adhesive layer 290, which joins the acquisition/distribution 
layer 250 to topsheet 212. The primary core integrity layer 230 is formed on the garment facing surface of storage 
layer 280, a portion of the garment facing surface of tissue layer 270 (corresponding to the differential lateral distance 
between side edges of the storage layer 280 and the side edges of tissue layer 270), and a portion of the garment 
facing surface of topsheet 112 (corresponding to the differential lateral distance between the side edges of tissue layer 
270 and the side edges of the primary core integrity layer 230). The backsheet 216 is then joined to the primary core 
integrity layer 230 by construction adhesive layer 296 and to the topsheet 21 2 by a construction adhesive (not shown). 
[0210] Other suitable absorbent core according to the present invention can be in the form of a layer of hydrogel- 
forming absorbent polymer contained between two other fibrous layers, e.g., a laminated absorbent core. Suitable 
laminated absorbent cores according to the present invention can be prepared using procedures similar to those de- 
scribed in U.S. Patent 4,260,443 (Lindsay et al); U.S. Patent 4,467,012 (Pedersen et al), issued August 21 , 1984; U. 
S. Patent 4,715,918 (Lang), issued December 29, 1987; U.S. Patent 4,851,069 (Packard etal), issued July 25, 1989; 
U.S. Patent 4,950,264 (Osbom), issued August 21, 1990; U.S. Patent 4,994,037 (Bernardin), issued February 19^ 
1 991 ; U.S. Patent 5,009,650 (Bernardin), issued April 23, 1 991 ; U.S. Patent 5,009,653 (Osborn), issued April 23, 1 991 ; 
U.S. Patent 5,128,082 (Makoui), July 7, 1992; U.S. Patent 5, 149,335 (Kellenbergeretal), issued September 22,' 1 992; - 
and U.S. Patent 5,176,668 (Bernardin), issued January 5, 1993 but using hydrogel-forming absorbent polymer having 
least the SFC and PUP capacity values described in B(1 )(b) above. 

[021 1 ] Other suitable laminated absorbent cores according to the present invention involving thermally bonded layers 
are disclosed. 

[0212] These thermally bonded absorbent cores comprise: (1 ) a primary thermally bonded fluid distribution layer; (2) 
optionally, but preferably a secondary fluid distribution layer in fluid communication with, and being capable of acquiring 
aqueous body fluids from, the primary distribution layer; (3) a fluid storage layer in fluid communication with either the 
primary or secondary fluid distribution layer that comprises a high concentration of hydrogel-forming absorbent polymer 
having at least the SFC and PUP capacity values described in B(1)(b) above; and (4) optionally a "dusting" layer 
adjacent the storage layer. These absorbent cores are typically used in conjunction with a thermally bonded acquisition 
layer (referred to as a "secondary topsheet"). 

[0213] An embodiment of these thermally bonded absorbent cores is shown in Figure 4. Figure 4 shows a cross- 
section of an absorbent article particularly suitable as a catamenial indicated as 310 having a fluid pervious primary 
topsheet 312, a fluid impervious backsheet 316 and an absorbent structure positioned between topsheet 312 and 
backsheet 31 6 comprising fluid acquisition layer 31 4 commonly referred to as a "secondary topsheet" and an absorbent 
core indicated by 320. As shown in this Figure, absorbent core 320 is shown in Figure 4 as comprising three compo- 
nents: a fluid distribution layer 324, a fluid storage layer 326 and fibrous "dusting" layer 328. In forming this absorbent 
core, the "dusting" layer 328 provides the initial layer upon which the hydrogel-forming absorbent polymer of the storage 
layer 326 is deposited. The distribution layer 324 is then positioned over the deposited hydrogel-forming absorbent 
material thus forming a laminate-type structure. Although it is possible to join dusting layer 328 and distribution layer 
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[0220] The backsheet is typically impervious to body fluids and is preferably manufactured from a thin plastic film, 
although other flexibl fluid impervious materials may also be used. As used herein, the term "flexible" refers to materials 
that are compliant and will readily conform to the general shape and contours of the human body. The backsheet 
prevents body fluids absorbed and contained in the absorbent core from wetting articles that contact the such as pants, 
5 pajamas, undergarments, and the like. The backsheet can comprise a woven or nonwoven material, polymeric films 
such as thermoplastic films of polyethylene or polypropylene, or composite materials such as a film-coated nonwoven 
material. Preferably, the backsheet is a polyethylene film having a thickness of from about 0.012 mm (0.5 mil) to about ' V 

0. 051 mm (2.0 mils). Exemplary polyethylene films are manufactured by Clopay Corporation of Cincinnati, Ohio, under 
the designation P1 8-0401 and by Ethyl Corporation, Visqueen Division, of Terre Haute, Indiana, under the designation 

io XP-39385. The backsheet is preferably embossed and/or matte finished to provide a more clothlike appearance. Fur- 
ther, the backsheet can permit vapors to escape from the absorbent core (i.e., breathable) while still preventing body 
fluids from passing through the backsheet. 

[0221] The topsheet-is compliant, soft feeling, and non-irritating to the wearer's skin. Further, the topsheet is fluid * 
pervious permitting body fluids to readily penetrate through its thickness. A suitable topsheet can be manufactured 

is from a wide range of materials such as woven and nonwoven materials; polymeric materials such as apertured formed 
thermoplastic films, apertured plastic films, and hydroformed thermoplastic films; porous foams; reticulated foams; 
reticulated thermoplastic films; and thermoplastic scrims. Suitable woven and nonwoven materials can be comprised 
of natural fibers (e.g., wood or cotton fibers), synthetic fibers (e.g., polymeric fibers such as polyester, polypropylene, 
or polyethylene fibers) or from a combination of natural and synthetic fibers. 

20 [0222] Preferred topsheets for use in absorbent articles of the present invention are selected from high loft nonwoven 
topsheets and aperture formed film topsheets. Apertured formed films are especially preferred for the topsheet because 
they are pervious to body fluids and yet non-absorbent and have a reduced tendency to allow fluids to pass back ^ 
through and rewet the wearer's skin. Thus, the surface of the formed film that is in contact with the body remains dry, 
thereby reducing body soiling and creating a more comfortable feel for the wearer. Suitable formed films are described 

25 in U.S. Patent 3,929,1 35 (Thompson), issued December 30, 1975; U.S. Patent 4,324,246 (Mullane, etal.), issued April 
13, 1982; U.S. Patent 4,342,314 (Radel. et al.), issued August 3, 1982; U.S. Patent 4,463,045 (Ahr et al.), issued July 
31 , 1 984; and U.S. 5,006,394 (Baird), issued April 9, 1 991 . Particularly preferred microapertured formed film topsheets 
are disclosed in U.S. Patent 4,609,518 (Curro et al), issue September 2, 1986 and U.S. Patent 4,629,643 (Curro et 
al), issued December 16, 1986. The preferred topsheet for use in catamenial products of the present invention is the 

30 formed film described in one or more of the above patents and marketed on sanitary napkins by The Procter & Gamble 
Company of Cincinnati, Ohio as "DRI-WEAVE® 

[0223] The body surface of the formed film topsheet can be hydrophilic so as to help body fluids to transfer through 
the topsheet faster than if the body surface was not hydrophilic so as to diminish the likelihood that fluid will flow off 
the topsheet rather than flowing into and being absorbed by the absorbent structure. In a preferred embodiment, sur- 
35 factant is incorporated into the polymeric materials of the formed film topsheet is described. Alternatively, the body 
surface of the topsheet can be made hydrophilic by treating it with a surfactant such as is described in the above 
referenced U.S. 4,950,254. 

F. Test Methods 

40 

1 . Saline Flow Conductivity (SFC) 

[0224] This test determines the Saline Flow Conductivity (SFC) of the gel layer formed from hydrogel-forming ab- 
sorbent polymer that is swollen in Jayco synthetic urine under a confining pressure. The objective of this test is to 

*5 assess the ability of the hydrogel layer formed from a hydrogel-forming absorbent polymer to acquire and distribute 
body fluids when the polymer is present at high concentrations in an absorbent member and exposed to usage me- 
chanical pressures. Darcy's law and steady-state flow methods are used for determining saline flow conductivity. (See, 
for example, "Absorbency," ed. by P. K. Chatterjee, Elsevier, 1985, Pages 42-43 and "Chemical Engineering Vol. II, 
Third Edition, J. M. Coulson and J. F. Richardson, Pergamon Press, 1978, Pages 125-127.) 

50 [0225] The hydrogel layer used for SFC measurements is formed by swelling a hydrogel-forming absorbent polymer 
in Jayco synthetic urine for a time period of 60 minutes. The hydrogel layer is formed and its flow conductivity measured 
under a mechanical confining pressure of 0.3 psi (about 2 kPa). Flow conductivity is measured using a 0.118 M NaCI 
solution. For a hydrogel-forming absorbent polymer whose uptake of Jayco synthetic urine versus time has substantially 
leveled off, this concentration of NaCI has been found to maintain the thickness of the hydrogel layer substantially 

55 constant during the measurement. For some hydrogel-forming absorbent polymers, small changes in hydrogel-layer 
thickness can occur as a result of polymer swelling, polymer deswelling, and/or changes in hydrogel-layer porosity. A 
constant hydrostatic pressure of 4920 dyne/cm 2 (5 cm of 0.118M NaCI) is used for the measurement. 
[0226] Flow rate is determined by measuring the quantity of solution flowing through the hydrogel layer as a function 
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reservoir 630, and analytical balance 632 with analytical balance 71 6, reservoir 712, fritted funnel 718, and the respec- 
tive connecting tub s and valves of apparatus 710 (see Figure 10), and positioning cylinder 634 on the fritted disc in 
fritted funnel 718. 

[0234] Jayco synthetic urine used in this method is prepared by dissolving a mixture of 2.0 g KCL, 2.0 g NagSC^, 
5 0.85 g NH 4 H 2 P0 4 , 0. 1 5 g (NH 4 ) 2 HP0 4 , 0. 1 9 g CaCI 2 , and 0.23 g MgCI 2 to 1 .0 liters with distilled water. The salt mixture 
can be purchased from Endovations, Reading, Pa (cat No. JA-001 31 -000-01). 

[0235] The 0.118 M NaCI solution is prepared by dissolving 6.896 g NaCI (Baker Analyzed Reagent or equivalent) 
to 1 .0 liters with distilled water. 

[0236] An analytical balance 632 accurate to 0.01 g (e.g., Mettler PM4000 or equivalent) is typically used to measure 

io the quantity of fluid flowing through the hydrogel layer 668 when the flow rate is about 0.02 g/sec or greater. A more 
accurate balance (e.g., Mettler AE200 or equivalent) can be needed for less permeable hydrogel layers having lower 
flow rates. The balance is preferably interfaced to a computer for monitoring fluid quantity versus time. 
[0237] The thickness of hydrogel layer 668 in cylinder 634 is measured to an accuracy of about 0. 1 mm. Any method 
having the requisite accuracy can be used, as long as the weights are not removed and the hydrogel layer is not 

is additionally compressed or disturbed during the measurement. Using a caliper gauge (e.g., Manostat 15-100-500 or 
equivalent) to measure the vertical distance between the bottom of the stainless steel weight 648 and the top of cover 
637, relative to this distance with no hydrogel layer 668 in cylinder 634 is acceptable. Also acceptable is the use of a 
depth gauge (e.g., Ono Sokki EG-225 or equivalent) to measure the position of piston 636 or stainless steel weight 
648 relative to any fixed surface, compared to its position with no hydrogel layer in cylinder 634. 

20 [0238] The SFC measurement is performed at ambient temperature (i.e., 20°-25°C) and is carried out as follows: 
0.9 gm aliquot of hydrogel-forming absorbent polymer (corresponding to a basis weight of 0.032 gm/cm 2 ) is added 
to cylinder 634 and distributed evenly on screen 666. For most hydrogel-forming absorbent polymers, moisture content 
is typically less than 5%. For these, the quantity of hydrogel-forming absorbent polymer to be added can be determined . 
on a wet-weight (as is) basis. For hydrogel-forming absorbent polymers having a moisture content greater than about 

25 5%, the added polymer weight should be corrected for moisture (i.e., the added polymer should be 0.9 g on a dry- 
weight basis). Care is taken to prevent hydrogel-forming absorbent polymer from adhering to the cylinder walls. Piston 
636 (minus weight 648) with disc 664 positioned in recess 652 of piston head 650 is inserted into cylinder 634 and 
positioned on top of the dry hydrogel-forming absorbent polymer 668. If necessary, piston 636 can be turned gently to 
more-uniformly distribute the hydrogel-forming absorbent polymer on screen 666. Cylinder 634 is the covered with 

30 cover 637 and weight 648 is then positioned on end 642 of shaft 638. 

[0239] A fritted disc (coarse or extra coarse) having a diameter greater than that of cylinder 634 is positioned in a 
wide/shallow flat-bottomed container that is filled to the top of the fritted disc with Jayco synthetic urine. The piston/ 
cylinder assembly 628 is then positioned on top of this fritted glass disc. Fluid from the container passes through the 
fritted disc and is absorbed by the hydrogel-forming absorbent polymer 668. As the polymer absorbs fluid, a hydrogel 

35 layer is formed in cylinder 634. After a time period of 60 minutes, the thickness of the hydrogel layer is determined. 
Care is taken that the hydrogel layer does not lose fluid or take in air during this procedure. 
[0240] The piston/cylinder assembly 628 is then transferred to apparatus 61 0. The support screen (not shown) and 
any gap between it and the piston/cylinder assembly 628 is presaturated with saline solution. If the fritted funnel 718 
of the PUP apparatus 71 0 is used to support cylinder 634, the surface of the fritted funnel should be minimally elevated 

40 relative to the height of the fluid in the collection reservoir, with valves between the fritted funnel and the collection 
reservoir being in the open position. (The fritted funnel elevation should be sufficient such that fluid passing through 
the hydrogel layer does not accumulate in the funnel.) 

[0241 ] The SFC measurement is initiated by adding NaCI solution through hole 640 in shaft 638 in order to expel air 
from piston head 650 and then turning stopcock 626 to an open position so that delivery tube 622 delivers fluid to 

45 cylinder 634 to a height of 5.0 cm above the bottom of hydrogel layer 668. Although the measurement is considered 
to have been initiated (y at the time NaCI solution is first added, the time at which a stable hydrostatic pressure, 
corresponding to 5.0 cm of saline solution, and a stable flow rate is attained (y is noted. (The time tg should typically 
be about one minute or less.) The quantity of fluid passing through hydrogel layer 668 versus time is determined 
gravimetrically for a time period of 10 minutes. After the elapsed time, piston/cylinder assembly 628 is removed and 

so the thickness of hydrogel layer 668 is measured. Generally the change in thickness of the hydrogel layer is less than 
about 1 0%. 

[0242] In general, flow rate need not be constant. The time-dependent flow rate through the system, F s (t) is deter- 
mined, in units of g/sec, by dividing the incremental weight of fluid passing through the system (in grams) by incremental 
time (in seconds). Only data collected for times between and 10 minutes is used for flow rate calculations. Flow rate 
55 results between tg and 10 minutes is used to calculate a value for F s (t=0), the initial flow rate through the hydrogel 
layer. F s (t=0) is calculated by extrapolating the results of a least-squares fit of F s (t) versus time to t=0. 
[0243] For a layer having a very high p rmeability (e.g., a flow rate greater than ~ 2 g/sec), it may not be practical 
to collect fluid for th full 10 minut tim period. For flow rates greater than ~ 2 g/sec, the tim of collection can be 
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shortened in proportion to the flow rate 

periods (e.g., 16 hours). * * ° P, ' 0nal to extend *• «me for Jayoo SynUrine absorption to longer 

through the system when the hydroge. layer is present hen n P ' eSent " Fa " mUCh 9reater *" *» «°w ate 
paratus and the piston/cylinder assembly ,s n^T^ *Z P ^ '° r the ,low resi ^nce of the SFC a P 
layer to the flow rate of the system. However ^hTs l ui remlT ' 9 7 s ' " here F * is me c °"™ution of the hydrogel 
to ca.cu.ate the value of F g from the values of " ' S "* ,hen the «on ? usS 

F 9 = (F a xF s )/(F a -F s ) 
K = {F g (t=0)xL 0 }/{pxAxAP}, 

NaCI solution in gm/cm3. a is the area of th ThydrZ Zer in crt a p l** 096 ' ' ayef Cm ' P fe me of the 
he sal.ne f.ow conductivity, K, is in units of cn/Sgm °"* P ' S ,he hydros,atic ^™ and 
K I he K a !f ra9S °' three terminations should be reported 
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[0250] The measured value of F, is 412 <Jmin - s Talt c dm to me present inven,i ° n: 
forming polymer sample 3-5 (Example 3) toLanSS , .* s,n 9 |e donation on the particulate hydrogel- 
-ow ratio ofs.op.intercept 0/9x1^^ 

F g = (6.87 x 0.565) ♦ (6.87 - 0.565) = 0.616 g/sec 
Given a 0.118 M saline density of 1 .003 a/cm3 (car h^k x, « 



K = (0.616 x 1 .134)/(1 .003 x 28.27 x 4920) = 5.0 x 10' 6 cm 3 
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a practical period of time, when the polymer is present at high basts weight and high concentrations in an absorbent 
member and exposed to usage pressures. Usag pressures against which a hydrogel-forming polymer is forced to 
absorb urine against include mechanical pressures resulting from the weight and/or motions of the wear r, mechanical 
pressures resulting from elastics and fastening systems, and the hydrostatic suction resulting from adjacent capillary 
(e.g., fibrous) layers and/or structures as they are drained of fluid. 

[0253] The test fluid for the PUP capacity test is Jayco synthetic urine. This fluid is absorbed by the hydrogel-forming 
absorbent polymer under demand absorption conditions at near-zero hydrostatic pressure. 
[0254J A suitable apparatus 710 for this test is shown in Figure 10. At one end of this apparatus is a fluid reservoir 
71 2 (such as a petri dish) having a cover 71 4. Reservoir 71 2 rests on an analytical balance indicated generally as 71 6. 
The other end of apparatus 710 is a fritted funnel indicated generally as 718, a piston/cylinder assembly indicated 
generally as 720 that fits inside funnel 718, and cylindrical plastic fritted funnel cover indicated generally as 722 that 
fits over funnel 718 and is open at the bottom and closed at the top, the top having a pinhole. Apparatus 710 has a 
system for conveying fluid in either direction that consists of sections glass capillary tubing indicated as 724 and 731 a, 
flexible plastic tubing (e.g., 1/4 inch i.d. and 3/8 inch o.d. Tygon tubing) indicated as 731b, stopcock assemblies 726 
and 738 and Teflon connectors 748, 750 and 752 to connect glass tubing 724 and 731a and stopcock assemblies 726 
and 738. Stopcock assembly 726 consists of a 3-way valve 728, glass capillary tubing 730 and 734 in the main fluid 
system, and a section of glass capillary tubing 732 for replenishing reservoir 712 and forward flushing the fritted disc 
in fritted funnel 718. Stopcock assembly 738 similarly consists of a 3-way valve 740, glass capillary tubing 742 and 
746 in the main fluid line, and a section of glass capillary tubing 744 that acts as a drain for the system. 
[0255] Referring to Figure 11, assembly 720 consists of a cylinder 754, a cup-like piston indicated by 756 and a 
weight 758 that fits inside piston 756. Attached to bottom end of cylinder 754 is a No. 400 mesh stainless steel cloth 
screen 759 that is biaxially stretched to tautness prior to attachment. Hydrogel-forming absorbent polymer indicated 
generally as 760 rests on screen 759. Cylinder 754 is bored from a transparent LEX AN® rod (or equivalent) and has 
an inner diameter of 6.00 cm (area = 28.27 cm 2 ), with a wall thickness of approximately 5 mm and a height of approx- 
imately 5 cm. The piston 756 is in the form of a Teflon cup and is machined to fit into cylinder 754 within tight tolerances. 
Cylindrical stainless steel weight 758 is machined to fit snugly within piston 756 and is fitted with a handle on the top 
(not shown) for ease in removing. The combined weight of piston 756 and weight 758 is 1390 g, which corresponds 
to a pressure of 0.7 psi for an area of 28.27 cm 2 . 

[0256] The components of apparatus 71 0 are sized such that the flow rate of synthetic urine therethrough, under a 
10 cm hydrostatic head, is at least 0.01 g/cm 2 /sec; where the flow rate is normalized by the area of fritted funnel 718. 
Factors particularly impactful on flow rate are the permeability of the fritted disc in fritted funnel 718 and the inner 
diameters of glass tubing 724, 730, 734, 742, 746 and 731a, and stopcock valves 728 and 740. 
[0257] Reservoir 71 2 is positioned on an analytical balance 71 6 that is accurate to at least 0.01 g with a drift of less * 
than 0.1g/hr. The balance is preferably interfaced to a computer with software than can (i) monitor balance weight 
change at pre-set time intervals from the initiation of the PUP test and (ii) be set to auto initiate on a weight change of 
0.01 -0.05 g, depending on balance sensitivity. Capillary tubing 724 entering the reservoir 71 2 should not contact either 
the bottom thereof or cover 714. The volume of fluid (not shown) in reservoir 712 should be sufficient such that air is 
not drawn into capillary tubing 724 during the measurement. The fluid level in reservoir 712, at the initiation of the 
measurement, should be approximately 2 mm below the top surface of fritted disc in fritted funnel 718. This can be 
confirmed by placing a small drop of fluid on the fritted disc and gravimetrically monitoring its slow flow back into 
reservoir 712. This level should not change significantly when piston/cylinder assembly 720 is positioned within funnel 
71 8. The reservoir should have a sufficiently large diameter (e.g., - 1 4 cm) so that withdrawal of -40 ml portions results 
in a change in the fluid height of less than 3 mm. 

[0258] Jayco synthetic urine used in this test is prepared by dissolving a mixture of 2.0 g KCI, 2.0 g Na2SO 4 ,0.85 g 
NH 4 H 2 P0 4l 0.1 5 g (NH 4 ) 2 HP0 4 , 0.1 9 g CaCI 2 , and 0.23 g MgCI 2 to 1 .0 liters with distilled water. The salt mixture can 
be purchased from Endovations, Reading, Pa (cat no. JA-001 31 -000-01). 

[0259] Prior to measurement, the assembly is filled with synthetic urine. The fritted disc in fritted funnel 71 8 is forward 
flushed so that it is filled with fresh synthetic urine. To the extent possible, air bubbles are removed from the bottom 
surface of the fritted disc and the system that connects the funnel to the reservoir. The following procedures are carried 
out by sequential operation of the 3-way stopcocks: 

1 . Excess fluid on the upper surface of the fritted disc is removed (e.g. poured) from fritted funnel 718. 

2. The solution height/weight of reservoir 712 is adjusted to the proper level/value. 

3. Fritted funnel 718 is positioned at the correct height relative to reservoir 712. 

4. Fritted funnel 718 is then covered with flitted funnel cover 722. 

5. The reservoir 712 and fritted funnel 718 are equilibrated with valves 728 and 740 of stopcock assemblies 726 
and 738 in the open connecting position. 

6. Valves 728 and 740 are then closed. 
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9. Valve 740 is then returned to its closed position. 

w^ fri „ed <unne,718.The q uantityoff^ 
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cylinder assembly 720. Essentially all of the fluid drained fron 22£ T °' 1 5 minutes without 
bsorbed by the funnel when the test is initiated Thus ft k TZ . ,Unne ' by this procedure is v <"v quick* rea- 
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3. Gel Volume 
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pernatant through a Whatman 0.7 micron GF/F glass microfiber filter (e.g. Catalog #1825-125) or equivalent, and 
calculating the extractable polymer on a dry-weight basis. It is also noted that in U.S. Reissue Patent 32,649 that Va 
should refer to the volume of base and Vb should refer to the volume of acid. 

[0267] Th percentage of extractable polymer in non-carboxylic acid based hydrogel-forming absorbent polymers is 
determined by the distilled water/gravimetric method entitled Extractable Polymer Content Determination - Sulfonic 
Acid-Containing Hydrog l-Forming Polymers described in the referenced U.S. Reissue Patent 32,649, but calculating 
the extractable polymer on a dry-weight basis. 

5. Gel Strength 

[0268] The gel strength or shear modulus of the formed hydrogel is determined using the Gel Strength/Shear Modulus 
Determination method described in the referenced U.S. Reissue Patent 32,649, with the following modifications: (i) 
the hydrogel-forming absorbent polymer is swollen in Jayco SynUrine, (ii) an oscillatory rheometer having a parallel 
plate configuration, wherein the gap is set at 1 .0 mm, is used, (iii) the formula for calculating shear modulus is modified 
for the above parallel plate configuration, (iv) the strain amplitude is less than about 0.3%, and (v) the hydrogel-forming 
polymer is ground (e.g., so it passes through a No 45 U.S.A. Standard Testing Sieve (350 microns openings)), if nec- 
essary, so the formed hydrogel packs at a high loading factor between the plates of the oscillatory rheometer. 



Clafms 

1 . An absorbent member for the containment of aqueous body fluids, characterized it that is comprises at least one 
region comprising hydrogel-forming absorbent polymer in a concentration of from 60 to 100%, preferably from 70 
to 100%, most preferably from 80 to 100%, by weight, said hydrogel-forming polymer providing a gel-continuous 
fluid transportation zone when in a swollen state and having: 

(a) a Saline Flow Conductivity (SFC) value of at least 30 x 1 0* 7 cm 3 sec/g, preferably at least 50 x 1 0r 1 cm 3 sec/ 
g, most preferably at least 100 x 10* 7 cm 3 sec/g; 

(b) a Performance under Pressure (PUP) capacity value of at least 23 g/g, preferably at least 25 g/g, most 
preferably at least 29 g/g under a confining pressure of 0.7 psi (5 kPa); 

(c) a basis weight of at least 10 gsm, preferably at least 20 gsm, more preferably at least 50 gsm, most pref- 
erably at least 100 gsm. 

2. The absorbent member of Claim 1 characterized in that said region provides, when subjected to normal use con- 
ditions, sufficient wet integrity such that said gel continuous zone substantially maintains its ability to acquire and 
transport said body fluids through said gel continuous zone. 

3. The absorbent member of any of Claim 1 to 2 characterized in that said hydrogel-forming polymer has anionic 
functional groups, preferably carboxy groups. 

4. The absorbent member of any of Claim 1 to 3 characterized in that said hydrogel-forming polymer is surface 
crosslinked and is preferably selected from the group consisting of hydrolyzed starch-acrylonitrile graft copolymers; 
partially neutralized hydrolyzed starch-acrylonitrile graft copolymers; starch-acrylic acid graft copolymers, partially 
neutralized starch-acrylic acid graft copolymers; saponified vinyl acetate-acrylic ester copolymers; hydrolyzed 
acrylonitrile copolymers; hydrolyzed acrylamide copolymers; slightly network crosslinked products of any of the 
foregoing copolymers; partially neutralized polyacrylic acid; slightly network crosslinked products of partially neu- 
tralized polyacrylic acid; and mixtures thereof. 

5. The absorbent member of any of Claim 1 to 4 characterized in that said hydrogel-forming polymer is in the form 
of particles, said particles preferably having a particle size in the range of from 20 to 1 500 microns, most preferably 
a mass median particle size of from 100 to 800 microns. 

6. The absorbent member of any of Claim 1 to 5 characterized in that said hydrogel-forming polymer has an SFC 
value of from 30 to 1000 x 10* 7 cm 3 sec/g, preferably from 50 to 500 x 10" 7 cm^ec/g, and a PUP capacity value 
of from 23 to 35 g/g, preferably from 25 to 33 g/g. 

7. The absorbent member of any of Claim 1 to 6 characterized in that said hydrogel-forming polymer has 15% or 
less , preferably 10% or less, most preferably 7% or less, extractable polymer. 
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5. Absorbierendes Element nach einem der Anspruche 1 bis 4, dadurch gekennzeichnet, daB das Hydrogel bildende 
Polymer in Form von Teilchen vorliegt, wobei diese Teilchen vorzugsweise eine TeilchengroBe im Bereich von 20 
bis 1500 Mikrometem, noch besser eine mittlere MassenteilchengroBe von 100 bis 800 Mikrometern aufweisen. 

6. Absorbier ndes Element nach einem der Anspruche 1 bis 5, dadurch gekennzeichnet, daB das Hydrogel bildende 
Polymer einen SFC-Wert von 30 bis 1000 x 10* 7 cm 3 sec/g, vorzugsweise von 50 bis 500 x 1 0-7 C m 3 sec/g und 
einen PUP-Kapazitatswert von 23 bis 35 g/g t vorzugsweise von 25 bis 33 g/g aufweist. 

7. Absorbierendes Element nach einem der Anspruche 1 bis 6, dadurch gekennzeichnet, daB das Hydrogel bildende 
Polymer 15% oder weniger, vorzugsweise 10% Oder weniger, und am besten 7% oder weniger extrahierbares 
Polymer aufweist. 

8. Absorbierendes Element nach einem der Anrpuche 1 bis 7, dadurch gekennzeichnet, daB das Hydrogel bildende 
Polymer ein Gelvolumen von mindestens 20 g/g, vorzugsweise im Bereich von 25 bis 70 g/g, und am besten im 
Bereich von 30 bis 70 g/g aufweist. 

9. Absorbierendes Element nach einem der Anspruche 1 bis 8, dadurch gekennzeichnet, daB das Hydrogel bildende 
Polymer eine Gelstarke von mindestens 1 0.000 dyn/cm 2 , vorzugsweise von mindestens 20.000 dyn/cm 2 aufweist. 

10. Absorbierendes Element nach einem der Anspruche 1 bis 9, dadurch gekennzeichnet, daB das Flussigkeitsspei- 
chergebiet das Hydrogel bildende Polymer umfaBt, wobei das Basisgewicht des Hydrogel bildenden absorbieren- 
den Polymers in diesem mindestens einen Gebiet mindestens 50 gsm, vorzugsweise mindestens 1 00 gsm betragt. 

11. Absorbierenden Kem fur das Aufnehmen, Verteilen und Speichern von Kdrperflussigkeiten, dadurch gekennzeich- 
net, daB er das absorbierende Element nach einem der Anspruche 1 - 1 0 in Form einer Flussigkeitsspeicherschicht 
umfaBt. 

1 2. Absorbierender Kern nach Anspruch 1 1 , dadurch gekennzeichnet, daB er weiter eine Flussigkeitsaufnahmeschicht 
umfaBt, wobei diese Flussigkeitsaufnahmeschicht vorzugsweise chemisch versteifte Zellulosefasern umfaBt. 

13. Absorbierender Kern nach Anspruch 11 oder 12, dadurch gekennzeichnet, daB die Speicherschicht eine Schicht 
des Hydrogel bildenden Polymers, das zwischen einer ersten Faserschicht und einer zweiten Faserschicht ein- 
geschlossen ist, umfaBt. 

14. Absorbierender Kern nach einem der Anspruche 11 bis 13, dadurch gekennzeichnet, daB die Speicherschicht 
weiter thermoplastisches Material, vorzugsweise thermoplastische Bindefasem, umfaBt, und daB sie vorzugswei- 
se thermisch verbunden ist. 

1 5. Absorbierender Artikel, der eine flussigkeitsdurchiassige Decklage, eine AuBenlage und den absorbierenden Kern 
nach einem der Anspruche 1 1 bis 1 4 umfaBt, wobei dieser zwischen der Decklage und der AuBenlage angeordnet 
ist, wobei der absorbierende Artikel vorzugsweise eine Windel, eine Trainingshose Oder eine Damenbinde ist. 



Revendlcations 

1. Element absorbant destine k contenir des fluides corporels aqueux, caracferise en ce qu'il comprend au moins 
une region comprenant un polymere absorbant formant un hydrogel, en une concentration comprise entre 60 et 
1 00 %, de presence entre 70 et 1 00 %, et tout specialement entre 80 et 1 00 %, en poids, ledit polymere formant 
un hydrogel realisant une zone de gel continue, pour le transport du fluide, lorsqu'il est k retat gonfie, et ayant : 

(a) une valeur de Conductivity d'un Ecoulement de Solution Saline (SFC) d'au moins 30 x 10~ 7 cm 3 .s/g, de 
preference d'au moins 50 x 10* 7 cm 3 .s/g, et tout specialement d'au moins 100 x 1 a 7 cm 3 s/g; 

(b) une valeur de capacity de Performance sous Pression (PUP) d'au moins 23 g/g, de preference d'au moins 
25 g/g, et tout specialement d'au moins 29 g/g, sous une pression de confinement de 5 kPa (0,7 psi); 

(c) un grammage d'au moins 1 0 g/m 2 , de preference d'au moins 20 g/m 2 , plus particulierement d'au moins 50 
g/m 2 et tout specialement d'au moins 1 00 g/m 2 . 

2. Element absorbant selon la revendication 1 , caracferise en ce que ladite region offre, lorsqu'elle est soumise k 
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3. Element absorbent selon I'une quelconaue do* rmmiHiw 

y 6S/Cm • de P r6f 6rence d'au moins 20 000 dynes/cm* 

12. Ame absorbante selon la revendication 11 ou 12 cancMrfau on « . „ 

et una seconds couche fibreuse. amUnhydr ° 9eUontenueenfr eune premiere couchefibreuse 
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quelconque des revendications 11 a 14, placee entre ladite feuille de dessus et ladite feuille de fond, I'article 
absorbant 6tant, de pr§ferenc , un couche, une culotte d'apprentissage de la proprete ou un tampon catam6nial. 
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Fig. 9 
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Fig. 11 
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